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Design and evaluation of RED HOT
1 Introduction

This contribution is an attempt to present a preliminary definition of the physical layer of RED HOT. Obviously, some aspects need further study and discussion within TSG GERAN. Nevertheless, the description is given with relatively high level of detail with the purpose of giving a baseline for discussion.
In addition, link performance for RED HOT is presented. Different transmit pulse shaping filters are compared for RED HOT B (and RED HOT A for reference).
Summary of RED HOT work item ‎[1]
RED HOT consists of two levels of MS support:

Level A: 16-ary, 32-ary and turbo codes at ~271 kBd (legacy symbol rate)

Level B: 16-ary, 32-ary and turbo codes at 325 kBd

For level B, there may be more than one option (for the transmit pulse shaping) depending on the interference situation in the network.

2 Proposed definition of physical layer of RED HOT

This section presents a preliminary definition of the physical layer of RED HOT. Much of it is applicable to HUGE as well. Obviously, some aspects need further study and discussion within TSG GERAN.
2.1 Modulation
2.1.1 Constellations
Two new modulations are introduced with RED HOT, one 16-ary and one 32-ary. It has not yet been decided which constellations to use (e.g., square, circular, etc.). For the sake of progress, it is proposed that the constellations of Figure 1 and Figure 2 and their (Gray) bit mappings are taken as a working assumption while other constellations are left for further study.
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Figure 1. 16QAM constellation with Gray mapping.
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Figure 2. 32QAM constellation with close-to-Gray mapping. Due to the shape of the constellation, it is not possible to find a perfect Gray mapping. The constellation point neighbours which deviate from the Gray mapping are indicated with red lines.
2.1.2 Rotation
It is proposed to use the rotation angles listed in Table 1 since they minimise the peak-to-average ratio (PAR) of the constellations in section ‎3.1.1. In ‎[2] it has been shown that blind detection of modulation is efficient with these rotation angles.
	Modulation 
	Rotation

	16QAM
	π/4

	32QAM
	-π/4


Table 1. Rotation angles.

2.1.3 Transmit pulse shaping
For RED HOT A, nothing is said in the work item description ‎[1] about transmit pulse shaping. This is interpreted as that the linearised GMSK pulse of 8PSK-modulated EGPRS ‎[7] will be reused.

For RED HOT B, more than one pulse shape may be defined ‎[1], of which at least one should fulfil the current spectrum mask (for 8PSK ‎[9]). This is for further study but some pulse shaped are evaluated in section ‎4.
2.1.4 Signal compression
In ‎[8], a signal compression method is evaluated. Signal compression has the advantage that it reduces the dynamic range (peak-to-average ratio, PAR, and minimum-to-average ratio, MAR) of the modulated signal. One drawback is that has impacts on the transmitter accuracy requirements (EVM) that need to be handled somehow. This is for further study.
2.2 Burst format
RED HOT A should reuse the format of the normal burst of GSM/GPRS/EGPRS ‎[2]. For RED HOT B, a new burst structure is needed. The proposed burst formats of RED HOT are shown in Figure 3 and Table 2. The field lengths for RED HOT B have been chosen to make the tails, training sequence and guard period have the same length or longer (measured in seconds) as for the normal burst at legacy symbol rate
.
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Figure 3. Burst format.
	Field
	RED HOT A

	RED HOT B

	
	Size (symbols)
	Size (μs)
	Size (symbols)
	Size (μs)

	Tail (left)
	3
	144/13
	4
	160/13

	Encrypted bits (left)
	58
	2784/13
	69
	2760/13

	Training sequence
	26
	1248/13
	31
	1240/13

	Encrypted bits (right)
	58
	2784/13
	69
	2760/13

	Tail (right)
	3
	144/13
	4
	160/13

	Guard
	8.25
	396/13
	10.5
	420/13

	Sum
	156.25
	7500/13
	187.5
	7500/13


Table 2. Burst format.
The number of bits per radio block available for “encrypted bits” follows from Table 2 and is summarised in Table 3.
	Modulation 
	RED HOT A
	RED HOT B

	8PSK

	1392
	1656

	16QAM
	1856
	2208

	32QAM
	2320
	2760



Table 3. Bits per radio block.

2.2.1 Training sequences
For RED HOT A, training sequences can be constructed based on the existing training sequences for the GMSK modulated normal burst ‎[2] by mapping the bits of the GMSK training sequences onto two opposite constellation points in the 16QAM/32QAM constellation. This principle was used for 8PSK modulated EGPRS.
Alternatively, new (possibly non-binary) training sequences could be defined, see e.g. ‎[4]. This is for further study.
For RED HOT B, new, longer training sequences need to be defined. These are for further study.
2.2.2 Tail bits
The purpose of the tail bits is to make the equaliser return to a known state. It is proposed to use the tail bits in Table 4 for RED HOT.

	Modulation
	RED HOT A
	RED HOT B

	8PSK3
	1 1 1;1 1 1;1 1 1
	1 1 1;1 1 1;1 1 1;1 1 1

	16QAM
	1 0 1 1;1 0 1 1;1 0 1 1
	1 0 1 1;1 0 1 1;1 0 1 1;1 0 1 1

	32QAM
	0 1 0 1 1;0 1 0 1 1;0 1 0 1 1
	0 1 0 1 1;0 1 0 1 1;0 1 0 1 1;0 1 0 1 1


Table 4. Tail bits for RED HOT.
2.3 Channel coding
This section proposes solution for the channel coding on a general level.
2.3.1 RLC/MAC header

2.3.1.1 Error detecting code

It is proposed to reuse the cyclic redundancy check (CRC) sequence for RLC/MAC headers of EGPRS, i.e., eight CRC bits are added.

2.3.1.2 Error correcting code

Since the RLC/MAC header is relatively short, there is no performance gain by using turbo codes. Instead, it is proposed to use the same channel coding as for EGPRS, i.e., tail-biting convolutional codes. Also the generator polynomials (G4, G7 and G5, see ‎[5]) should be reused.

2.3.2 RLC data

To allow for retransmission of an RLC data block with a different MCS than used in the first transmission, each RLC data block should be encoded separately.

2.3.2.1 Error detecting code

It is proposed to reuse the cyclic redundancy check (CRC) sequence for RLC data of EGPRS, i.e., twelve CRC bits are added per RLC data block.

2.3.2.2 Error correcting code
According to ‎[1], the turbo encoder (including the internal interleaver) of UTRAN ‎[6] shall be reused.
2.3.2.3 Puncturing/incremental redundancy
To support incremental redundancy, two or three (depending on the size of the payload, the modulation and the symbol rate) puncturing patterns need to be defined for each MCS.
2.3.3 Uplink state flag (USF)

The USF should be encoded separately from the rest of the RLC/MAC header and data. The USF encoding/burst mapping should preferably 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.
2.4 Interface to RLC layer
This section describes parts of the RLC layer relevant to the physical layer.
2.4.1 RLC data units

It is proposed to use the same RLC data unit sizes as EGPRS to minimise impact on the RLC layer. To increase the amount of payload within a radio block, more RLC data units are packed into one radio block. 
In Table 5, the payload sizes of EGPRS and five new payload sizes are listed. It is proposed to use the same payload sizes for RED HOT A and B (and possibly HUGE), except that the largest payload sizes (#13 and #14) cannot be carried by RED HOT A.
	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
	A
	3 x 68
	81.6

	12
	Ap +  B
	2 x 68 + 2 x 56
	99.2

	13
	Ap
	4 x 68
	108.8

	14
	A
	4 x 74
	118.4


Table 5. Proposed set of payload sizes for RED HOT (and HUGE). Ap denotes a family A member which is padded when retransmitted with MCS6 or MCS3.
MCS #12 is different from the others in that the radio block carries RLC data units of two different sizes. The purpose of this MCS is to reach the peak rate (when sufficient number of bits have been used for RLC/MAC header, USF and stealing bits) of RED HOT A, ~100 kbps.
2.4.2 RLC/MAC header sizes
The RLC/MAC header of RED HOT blocks needs to carry the same information as EGPRS RLC/MAC headers.
The fields that need special consideration when RED HOT is introduced are the BSN (block sequence number) and CPS (coding and puncturing scheme) fields.

2.4.2.1 BSN

The BSN field(s) contains the RLC sequence number of each RLC data unit in the radio block. The BSN of the first RLC data unit in a radio block is encoded with 11 bits while the second BSN is encoded with 10 bits (relative to the first BSN). When more RLC data units are included in a radio block, the number of BSN bits will grow with 10 for each new data unit.

The relative encoding requires that the RLC data unit with the lowest BSN is placed first. Since MCS #12 contains two different RLC data unit sizes, this is not always possible. Therefore, an extra bit is needed for the BSN field for the header of that MCS.
2.4.2.2 CPS

 The CPS field describes which MCS (same for all RLC data units in a radio block) and which puncturing pattern (may be different for each RLC data unit) that was used. The length of the CPS field can be calculated as
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where 
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 is the number of RLC units in the radio block.

The RLC/MAC header sizes of the MCS:s in Table 5 are listed in Table 6.

	Field  \ MCS
	1-4
	5-6
	7-9
	10-11
	12-14

	BSN
	11
	11
	21
	31
	42

	CPS
	4
	3
	5
	4 or 6

	8

	Other
	13
	11
	11
	11
	11

	Sum
	28
	25
	37
	46 or 48
	61


Table 6. RLC/MAC header sizes for EGPRS and RED HOT.
3 Performance

In this section, the link performance of RED HOT A and B is evaluated. Different transmit pulse shaping filters are evaluated for RED HOT B. For comparison, the different transmit filters are evaluated also for RED HOT A, even though it is assumed that the legacy transmit filter of EGPRS will be reused.
3.1 Modulation and coding schemes

The evaluated coding schemes are detailed in Table 7. Only schemes for MCS7 and above are included in the evaluation. For MCS10 and 11, both 16QAM and 32QAM modulations are evaluated
.
	MCS
	Payload [bytes]
	User data rate [kbps]
	Modulation
	Symbol rate [kBd]

	MTCS7-16QAM
	2 x 56
	44.8
	16QAM
	271

	MTCS7-16QAM-r
	
	
	
	325

	MTCS8-16QAM
	2 x 68
	54.4
	16QAM
	271

	MTCS8-16QAM-r
	
	
	
	325

	MTCS9-16QAM
	2 x 74
	59.2
	16QAM
	271

	MTCS9-16QAM-r
	
	
	
	325

	MTCS10-16QAM
	3 x 56
	67.2
	16QAM
	271

	MTCS10-16QAM-r
	
	
	
	325

	MTCS10-32QAM
	
	
	32QAM
	271

	MTCS10-32QAM-r
	
	
	
	325

	MTCS11-16QAM
	3 x 68
	81.6
	16QAM
	271

	MTCS11-16QAM-r
	
	
	
	325

	MTCS11-32QAM
	
	
	32QAM
	271

	MTCS11-32QAM-r
	
	
	
	325

	MTCS12-32QAM
	2 x 68 + 2 x 56
	99.2
	32QAM
	271

	MTCS12-32QAM-r
	
	
	
	325

	MTCS13-32QAM-r
	4 x 68
	108.8
	32QAM
	325

	MTCS14-32QAM-r
	4 x 74
	118.4
	32QAM
	325


Table 7. Details of modulation and coding schemes.

3.2 Simulation assumptions

Simulation parameters are summarised in Table 8.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)

	Terminal speed
	3 km/h

	Frequency band
	900 MHz

	Frequency hopping
	Ideal

	Interference/noise
	AWGN

	Antenna diversity
	Two antennas, MRC

	Antenna correlation
	0

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape

Rolloff


Length


Design bandwith (see 
note 1)
	Hanning windowed RRC

0.3

5 symbols

240 kHz, 270 kHz and 325 kHz

	Rx filter
	Matched to Tx pulse

	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

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


Table 8. Link simulation assumptions
3.3 Results

Figure 4 shows throughput (with ideal link adaptation
) of RED HOT A and B with different Tx/Rx filter bandwidths. 
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Figure 4. Throughput of RED HOT A and B with different Tx filters.

3.4 Discussion

It can be seen that the performance of RED HOT B is strongly dependent on the Tx filter bandwidth. With a wide filter, RED HOT B is significantly better than RED HOT A, while with a narrow filter, RED HOT B has similar performance to RED HOT A except at high signal-to-noise ratios.

On the other hand, the performance of RED HOT A is almost independent of the filter bandwidth.

The reason for this is likely that the relatively larger time dispersion (measured in symbol periods) of RED HOT B is a problem for the equaliser. The time dispersion will be reduced with a wider transmit filter. It should be noted that other receiver algorithms may give other results.
4 Conclusion
Details of the physical layer for RED HOT have been presented for discussion. A common set of payload sizes (based on the MCS families of EGPRS) is proposed to be used both for RED HOT A and B (and could also be adopted for HUGE).
Further, link performance for RED HOT has been presented. It is found that the performance of RED HOT B is strongly dependent on the Tx filter bandwidth, while the performance of RED HOT A has only a small dependence of the Tx filter. With a wide Tx filter, RED HOT B outperforms RED HOT A, while with a narrow Tx filter, the performance of RED HOT A and B are similar except at high signal-to-noise ratios.
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� The training sequence of RED HOT B is actually 8/13 μs shorter compared to RED HOT A but this is seen as negligible.


� Same as for GSM/GPRS/EGPRS.


� It is not clear if RED HOT B will use 8PSK.


� Depends on the number of puncturing patterns, which in turn may depend on the modulation and symbol rate.


� Only one modulation should be chosen per MCS in the standard.


� At each E/N, the MCS giving the highest throughput for a given filter bandwidth and symbol rate is chosen.
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