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Training Sequences for High Symbol Rate
1 Introduction

In this contribution, training sequences for higher symbol rate (RED HOT B, HUGE B/C) are designed and evaluated. During the telephone conference series on RED HOT/HUGE several sequences were presented. Some of them have been selected [6]

 REF _Ref164660906 \r \h 
[8] for evaluation and comparison with the proposed sequences.
This document is a summary of slightly modified training sequence design contributions from Ericsson to the telephone conference series before GERAN 34. 

In Section 2, a method for designing training sequences is described. In Section 3, a couple of sets of training sequences are presented. In Section 4, different training sequence lengths are evaluated. In Section 5, the cross correlation properties for rotated sequences are presented. In Section 6, a performance evaluation between different proposed training sequence sets is presented. Finally in Section 7, conclusions are drawn.

2 Training Sequence Design

The training sequence candidates presented in this contribution have been found using the search based method described in this section. Consider training sequences, s, of length N.
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First, an exhaustive search through all possible training sequences was performed and NL, a large number, sequences with the lowest autocorrelation properties were selected. The used autocorrelation measure of a sequence s is defined as,
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where (.)
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 denotes complex conjugate.

A maximized and normalized SNR-degradation, Ψ(s), was calculated for each of the NL best sequences. The normalized SNR-degradation, Ψ(s,L), is a modified version of the SNR-degradation mentioned in [1]. The maximization and normalization is done with respect to the channel length, L.
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where tr{.} denotes the trace operator and (.)H denotes complex conjugate transpose. 

The cross correlation between two sequences was measured as the maximum channel estimate error caused by the interfering training sequence when employing a least squares estimator. The maximum is with respect to channel length and time lag due to an unsynchronized interfering training sequence. Consider the received signal during the training period from user “k” and interferer “p”, 
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where hk and hp denotes the channel of interest and interfering channel, respectively.  Given the received vector R, the least squares estimate of hk is given by, 
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were the error includes the contribution not captured by the model, i.e thermal noise, model error, etc. The training sequences should be selected such that 
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 is minimized, where 
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. Assume a one branch receiver and that the covariance of the channel hp is equal to identity (corresponding to independent and identically distributed taps). 
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The expression is normalized with respect to the channel length and scaled in the same way as the SNR-degradation. If the interfering signal is unsynchronized, the sequences do not completely overlap. The error due to the interfering training sequence only depends on the overlapping part. This means that the non-overlapping parts of the sequences need to be removed from S, denote these truncated versions of S as S(μ), where μ is the time lag between user “k” and interferer “p”. Note that the least squares algorithm still remains the same, therefore the factors 
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 are unchanged. The maximum impact from an interfering sequence sp using the carrier sequence sk is denoted “cross correlation” and is defied as,
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The auto correlation Ψ(s) and cross correlation Δ(sk,sp) for all NL sequences are stored in a matrix X.
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The problem of finding 8 sequences with low SNR-degradation and low cross correlation can be formulated as
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This problem is relaxed to
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where y(x) is a function that is large when 
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 and z(a) is a function that is large when 
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. This problem is solved with a steepest descent method. From the steepest descent method the 40 most likely sequences are extracted and these are then exhaustively searched for the best 8.
3 Training Sequence Candidates
Using the method described above, five sets of training sequences have been found:

· Quaternary of length 31 [2].
· Quaternary of length 26 [2].
· Binary of length 31 [2].
· Binary of length 31 [3].
· Binary of length 26 [2].
These training sequence sets are presented in Section A.1.
The reason for making a second set of “binary of length 31” in [3] was because of high correlations between rotated sequences, cf. Section 5. The first version of the “binary of length 31” was only used to decide upon the length of the training sequences in Section 4, all other results are made with the second version.
There are 431 and 426 possible quaternary sequences of length 31 and 26, respectively. This is too many to search exhaustively in the first step of the method. To reduce complexity a simple repetition, like the one used in today’s sequences [4], of 10 symbols for quaternary sequences of length 31 and 5 symbols for quaternary sequences of length 26 are used. This leaves only 421 sequences left to search for quaternary sequences.

In addition to the training sequences designed according to Section 2, the following  sets of training sequences have also been evaluated
· Legacy training sequences [4].
· InterDigital’s binary sequences of length 26 [5].
· Nokia-Siemens’ quaternary sequences of length 31. Nokia-Siemens presented a set of TSC at Telco#3 [6]. Here, the TSC set from [6] with the seven last symbols repeated at the beginning has been used in the evaluation, i.e. [s(17), …, s(23),  s(0), …, s(23)], where the symbols [s(0), …, s(23)] are given from [6].
· Nokia-Siemens’ binary sequences of length 31. This TSC set was received from Nokia-Siemens by email on the 8th of May, 2007.
· Samsung’s binary sequences of length 31 “Method 1” [7].
· Samsung’s binary sequences of length 31 “Method 2” [7].
· Samsung’s binary sequences of length 31 “a” [8].
· Samsung’s binary sequences of length 31 “b” [8].
These sets can be found in Section A.2.

In the simulations, the sequences have been scaled and rotated to fit into the points of the symbol constellations.
4 Training Sequence Lengths
4.1 Simulation Assumptions
4.1.1 Burst Formats

The two burst formats in Table 1 have been used, depending on the length of the training sequence.

	Field
	Format with TS length 31
	Format with TS length 26

	Tail (left)
	4
	4

	Encrypted bits (left)
	69
	72

	Training sequence
	31
	26

	Encrypted bits (right)
	69
	72

	Tail (right)
	4
	4

	Guard
	10.5
	9.5

	Sum
	187.5
	187.5


Table 1. Burst formats.
4.1.2 Training Sequences

The following training sequences are evaluated:

	Abbreviation
	Training sequence set

	31q
	Quaternary, length 31, according to Table 11

	26q
	Quaternary, length 26, according to Table 12

	31b
	Binary, length 31, according to Table 13

	26b
	Binary, length 26, according to Table 15

	26o
	Binary, length 26, legacy TS [4], according to Table 16

	26i
	Binary, length 26, according to Table 17


Table 2. Evaluated training sequences.
4.1.3 Modulation and Coding Schemes
Two MCSs with different code rates and modulations have been evaluated, see Table 3.

When a shorter training sequence is used, 24 additional symbols per radio block can be used for other bits. These have been used to increase the robustness of the data channel coding.

	MCS
	Payload [octets]
	User data rate [kbps]
	Modulation
	Symbol rate [kBd]
	Coding type
	Header code rate
	Data code rate

	
	
	
	
	
	
	
	TS length 31
	TS length 26

	MTCS8-16QAM-R
	2x68 
	54.4
	16QAM
	325
	Turbo
	0.35
	0.553
	0.528

	MTCS15-32QAM-R
	4x68 
	108.8
	32QAM
	325
	Turbo
	0.34
	0.899
	0.858


Table 3. Modulation and coding schemes.

NOTE: “R” in 16QAM-R and 32QAM-R denotes a modulation with high symbol rate.

4.1.4 Interference Model

Simulations have been run in sensitivity limited and interference limited environments.

In the interference limited case, a single co-channel interferer was used.
The training sequence for the interferer was randomly selected per burst among the training sequences in the same set as the carrier’s training sequence (excluding the training sequence used by the carrier).

The propagation delay was randomly selected per burst as one of [-1, 0,+1,+2,+3,+4] symbols (where a positive delay means that the interferer is delayed relative to the carrier).

4.1.5 Other Settings
	Parameter
	Value

	Channel profiles
	For sensitivity:


TU3 ideal FH and HT100 noFH

For co-channel interference:


HT3 ideal FH

	Frequency band
	900 MHz

	Antenna diversity
	For sensitivity:


Two antennas, MRC
For co-channel interference:


One antenna


Two antennas, IRC

	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

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
	For sensitivity:


10000 radio blocks per simulation point

For co-channel interference:


5000 radio blocks per simulation point

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


Table 4. Link simulation assumptions.
4.2 Simulation Results
In this section, detailed simulation results are presented. A summary can be found in section 4.3.
4.2.1 Sensitivity Performance

Sensitivity results are presented for binary training sequences only.

4.2.1.1 Raw Bit Error Rate
Figure 1, Figure 2, Figure 3 and Figure 4 show raw BER (results for all eight training sequences in each set are shown in the figures). The longer training sequences (31b) give better performance than the short ones (26b and 26o). The difference is larger on a more time dispersive channel (HT) and larger for 32QAM-R than for 16QAM-R. For 32QAM-R, the new training sequences of length 26 (26b) are slightly better than the legacy training sequences (26o).
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Figure 1. Raw BER for 16QAM-R on a TU3iFH channel, sensitivity.
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Figure 2. Raw BER for 32QAM-R on a TU3iFH channel, sensitivity.
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Figure 3. Raw BER for 16QAM-R on a HT100noFH channel, sensitivity.
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Figure 4. Raw BER for 32QAM-R on a HT100noFH channel, sensitivity.

4.2.1.2 Decoded Block Error Rate
Figure 5, Figure 6, Figure 7 and Figure 8 show decoded BLER (results for all eight training sequences in each set are shown in the figures). The shorter training sequences (26b and 26o) are equal to or better than the longer ones (31b). For 32QAM, the new training sequences of length 26 (26b) are equal to or better than the legacy training sequences (26o).
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Figure 5. BLER for MTCS8-16QAM-R on a TU3iFH channel, sensitivity.
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Figure 6. BLER for MTCS15-32QAM-R on a TU3iFH channel, sensitivity.
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Figure 7. BLER for MTCS8-16QAM-R on a HT100noFH channel, sensitivity.
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Figure 8. BLER for MTCS15-32QAM-R on a HT100noFH channel, sensitivity.

4.2.2 Interference Performance

Interference results are presented for binary and quaternary training sequences.

To evaluate the cross correlation properties of the training sequence sets, co-channel interference simulations have been run. The interference model is described in 4.1.4.
4.2.2.1 Single Antenna Receiver
Figure 9 shows decoded BLER for MTCS8-16QAM-R with a single antenna receiver. There are six sets of curves (one for each TS set), each containing eight curves (one for each TS within the set). It can be seen that longer training sequences (31b and 31q) are better than short (26o, 26i, 26b, 26q). Further, the new training sequences are better than the legacy ones (26o). The quaternary sequences (31q, 26q) are slightly better than the binary (31b, 26b). The reversed sequences (26i, proposed by InterDigital) do not seem to improve performance compared to the legacy sequences (26o).
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Figure 9. BLER for MTCS8-16QAM-R on a HT3iFH channel, co-channel interference.
Figure 10 shows performance for MTCS15-32QAM-R with a single antenna receiver. It can be seen that the new training sequences of length 26 (26b and 26q) are better than the longer ones (31b, 31q). Further, the new training sequences are better than the legacy ones (26o). The quaternary sequences (31q, 26q) and the binary (31b, 26b) are similar in performance. The reversed sequences (26i, proposed by InterDigital) do not seem to improve performance compared to the legacy sequences (26o).
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Figure 10. BLER for MTCS15-32QAM-R on a HT3iFH channel, co-channel interference.

4.2.2.2 Two-Antenna Receiver with Interference Cancellation
Figure 11 shows performance for MTCS8-16QAM-R with a dual antenna receiver. It can be seen that the new training sequences of length 31 (31b, 31q) are about 1 dB better than the new training sequences of length 26 (26b, 26q), which are in turn better than the legacy training sequences (26o) and the ones proposed by InterDigital (26i).
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Figure 11. BLER for MTCS8-16QAM-R on a HT3iFH channel, co-channel interference.

Figure 12 shows performance for MTCS15-32QAM-R with a dual antenna receiver. It can be seen that the new training sequences of length 31 (31b, 31q) are slightly better than the new training sequences of length 26 (26b, 26q), which are in turn better than the legacy training sequences (26o) and the ones proposed by Interdigital (26i).
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Figure 12. BLER for MTCS15-32QAM-R on a HT3iFH channel, co-channel interference.

4.3 Summary of Results

Table 5 and Table 6 show Es/N0 at 15% BLER. Table 7 and Table 8 C/I at 15% BLER. The “best” and worst columns give the C/I or Es/N0 of the best and worst TS in each set, respectively. The “mean” column gives the mean C/I or Es/N0 of the TS in each set. The mean value of the best set is highlighted in yellow.
4.3.1 Sensitivity, TU3 iFH
	
	MTCS8-16QAM-R
	MTCS15-32QAM-R

	TS set
	Best
	Mean
	Worst 
	Best
	Mean
	Worst

	26o
	9.9
	9.9
	9.9
	19.4
	19.5
	19.5

	26b
	9.9
	9.9
	9.9
	19.4
	19.4
	19.5

	31b
	10.1
	10.1
	10.1
	20.3
	20.4
	20.4


 Table 5. C/I at 15% BLER for sensitivity, TU3 iFH
4.3.2 Sensitivity, HT100 noFH

	
	MTCS8-16QAM-R
	MTCS15-32QAM-R

	TS set
	Best
	Mean
	Worst
	Best
	Mean
	Worst

	26o
	11.6
	11.7
	11.8
	24.8
	25.2
	25.7

	26b
	11.6
	11.6
	11.6
	24.0
	24.2
	24.5

	31b
	11.6
	11.6
	11.6
	25.6
	25.6
	25.7


Table 6. C/I at 15% BLER for sensitivity, HT100 noFH

4.3.3 Interference, HT3 iFH, single antenna
	
	MTCS8-16QAM-R
	MTCS15-32QAM-R

	TS set
	Best
	Mean
	Worst
	Best
	Mean
	Worst

	26o
	16.8
	16.9
	17.1
	30.7
	31.4
	32.9

	26b
	16.6  
	16.6
	16.7
	30.2
	30.5
	31.6

	26q
	16.4
	16.5
	16.6
	30.2
	30.4
	30.5

	26i
	16.9
	17.1
	17.2
	31.2
	31.9
	32.9

	31b
	16.4
	16.4
	16.5
	31.9
	32.1
	32.5

	31q
	16.2
	16.4
	16.5
	31.7
	31.9
	32.4


Table 7. C/I at 15% BLER for co-channel interference with single antenna receiver
4.3.4 Interference, HT3 iFH, IRC
	
	MTCS8-16QAM-R
	MTCS15-32QAM-R

	TS set
	Best
	Mean
	Worst
	Best
	Mean
	Worst

	26o
	9.1
	9.5
	10.0
	21.9
	22.3
	23.1

	26b
	8.0
	8.1
	8.3
	20.1
	20.4
	20.7

	26q
	7.8
	8.0
	8.1
	20.2
	20.3
	20.5

	26i
	10.5
	11.2
	11.8
	23.1
	23.5
	24.1

	31b
	7.1
	7.2
	7.3
	20.0
	20.2
	20.5

	31q
	7.1
	7.3
	7.4
	20.3
	20.6
	20.8


Table 8. C/I at 15% BLER for co-channel interference with IRC

4.4 Discussion

There are two effects counter-acting each other:

· A shorter training sequence gives a less reliable channel estimate, which degrades performance. This can be seen in the raw BER plots for sensitivity. On the longer HT channel, the degradation is larger, since more channel taps need to be estimated on this channel. Furthermore, longer training sequences have better cross correlation properties, which will improve performance in interference limited scenarios.
· On the other hand, with a shorter training sequence more symbols can be used for the channel encoded data. Thus, a shorter training sequence allows a more robust channel code (since the RLC data unit size is the same in both cases).

Regarding the training sequence length, the results show the following (comparing the best TS set of each length):

· In the sensitivity limited scenarios, short training sequences are better at a high coding rate (~0.9). At a medium coding rate (~0.5), the short and long training sequences are about equal. Low code rates are for further study.
· In the co-channel interference scenario with a single antenna receiver, the long TS are slightly better at a medium code rate (~0.5) but about 1.5 dB worse at a high code rate (~0.9). Low code rates are for further study.
· In the co-channel interference scenario with IRC, the long TS are about 1dB better at medium code rate and slightly better at a high code rate. Low code rates are for further study.

The results point in different directions depending on the scenario but considering that interference cancellation is important for high symbol rate signals (due to the wide bandwidth), the IRC results are considered more important. Further, judging from the results at high and medium code rates, the advantage of long training sequences at low code rates can be expected to be even higher. Therefore, it is proposed to use training sequences of length 31.
It can be noticed that the newly designed training sequences with length 26 are better than the legacy training sequences of the same length. This is likely due to better correlation properties.
Comparing binary training sequences with quaternary sequences, there is no clear indication what is better. Theoretically, it should be possible to find non-binary training sequences with better correlation properties than binary, but the differences seem to be small in practice. Since the channel estimation may be slightly more complex with non-binary training sequences, it is proposed to use binary training sequences.
5 TSC Correlations for Rotated Sequences
In this section, cross correlation for HSR (High Symbol Rate) TSCs with different modulation (rotation) is studied. For every considered HSR TSC set all possible cross correlation pairs are calculated. Two sets, “A” and “B”, of rotated TSCs are constructed. Set “A” contains all possible rotations of the considered HSR TSC set. Set “B” contains all possible rotations of the LSR legacy TSC set. Pairs considered are all pairs within set “A”, all pairs within set “B” and all combinations of pairs between set “A” and “B”.

5.1 Rotation Assumptions
The following assumptions are made regarding the rotations of HSR TSC. 

· Rotation for QPSK: 3π/4

· Rotation for 16QAM: π/4

· Rotation for 32QAM: -π/4

The following assumptions are made regarding the rotations of LSR TSC. 

· Rotation for GMSK: π/2 

· Rotation for 8PSK: 3π/8

· Rotation for 16QAM: π/4

· Rotation for 32QAM: -π/4

5.2 Cross Correlation Measure

5.2.1 Cross Correlation Measure
The cross correlation measure used is the commonly known cross correlation:
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For each pair, the maximum correlation with respect to lag, k, is stored.
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5.2.2 Cross Correlation between HSR and LSR

To measure cross correlation between HSR and LSR the sequences need to be expressed with a common base time (or sampling time). All sequences compared were extended to the length 31*26=806.

As an example, consider two sequences of length 2 and 3, [L1 L2] and [H1 H2 H3]. To measure cross correlation between them, they are extended to the length 2*3=6. They become [L1 L1 L1 L2 L2 L2] and [H1 H1 H2 H2 H3 H3].

5.3 Considered TSC Sets

All of the following TSC sets are presented in Annex A.

· Ericsson’s quaternary of length 31, see Table 11.
· Ericsson’s binary of length 31, see Table 14.
· Nokia-Siemens’ quaternary, see Table 18.
· Nokia-Siemens’ binary, see Table 19.
· Samsung’s Method 1, see Table 20.
· Samsung’s Method 2, see Table 21.
· Samsung’s ”a”, see Table 22.
· Samsung’s ”b”, see Table 23.
5.4 Results and Discussion
Set “B” contains rotated versions of the legacy TSCs. 

Set “A” contains rotated versions of the considered HSR TSCs.

In Table 9, the cross correlations are presented. Detailed results can be found in Annex B.

It can be seen that all sets except the quaternary set from Nokia-Siemens and the first set from Samsung have lower cross correlation than the legacy TSC. The set with the lowest cross correlation is Ericsson’s binary set.

It should be noted that the cross correlations reported in Table 9 are always within a set (i.e., no cross correlations between the sets ”A” and ”B” are larger than 0.5). 

	TSC set
	BD method
	Maximum
correlation
	Number of combinations with correlation larger than 0.5

	Set “B” (legacy TS)
	Rotation
	0.76923
	118

	Ericsson’s quaternary
	Rotation
	0.67742
	4

	Ericsson’s binary
	Rotation
	0.48387
	0

	Nokia-Siemens’ quaternary
	Rotation
	0.90323
	32

	Nokia-Siemens’ binary
	Rotation
	0.61290
	8

	Samsung’s Method 1
	Rotation
	1.00000
	48

	Samsung’s Method 2
	Rotation
	0.61290
	27

	Samsung’s ”a”
	Rotation
	0.61290
	33

	Samsung’s ”b”
	Rotation
	0.67742
	38


Table 9. Summary of cross correlation results.
Ericsson’s binary sequences of length 31 have the lowest cross correlation of all the compared sequences. It is proposed to use Ericsson’s binary sequences of length 31 as the TSCs for HSR.
6 Performance Evaluation

Several sets of TSCs (Training Sequence Codes) have been proposed in the standardisation of HOM for REDHOT/HUGE. At telephone conference #1 it was agreed upon that the TSC should be evaluated by simulations. This study is aiming toward an exhaustive evaluation of all proposed TSCs so far.

6.1 Simulation Setup
The TSC is evaluated for a single SNR or C/I value around 10% BLER, and no blind detection. The selected scenarios include one noise-limited scenario and one co-channel interference limited scenario using a single antenna receiver. The interference-limited scenario has also been evaluated using an IRC receiver. The co-channel interferer is set to use a different TSC within the evaluated TSC set. All possible combinations of modulations for the carrier and the interferer have been evaluated. 

6.1.1 Sets of TSC

Only TSC of length 31 have been considered in this study. Samsung have proposed several sets of TSC. In this study only the two latest proposed sets [8] have been evaluated. The evaluated sets within this study are:

· Ericsson’s binary of length 31, see Table 14.

· Ericsson’s quaternary of length 31, see Table 11.

· Nokia-Siemens’ quaternary, see Table 18. 
· Nokia-Siemens’ binary, see Table 19.

· Samsung’s ”a”, see Table 22.

· Samsung’s ”b”, see Table 23.

6.1.2 Rotation

The following assumptions are made regarding the rotations of the HSR TSC.

· Rotation for QPSK: 3π/4

· Rotation for 16QAM: π/4

· Rotation for 32QAM: -π/4

6.1.3 Channel Propagation Model

Two channel propagation models have been considered: Typical Urban and Hilly Terrain, both at the speed of 3km/h, from here denoted Tu3 and Ht3, respectively.

In all interference scenarios the interfering burst position was selected, from burst to burst, out of a uniform random distribution ranging from -1 to 4, where 0 represents perfect synchronization with the carrier. This will unfortunately prevent us from identifying certain “bad” positions, but it will save us considerably simulation time.

6.1.4 Noise Limited Scenario

All TSCs have been evaluated for a single SNR value around 10%BLER. The used coding scheme was MTCS3-QPSK, however this should not have any influence on the relative performance between the different TSCs. In total there are 8 different noise-limited-scenarios for each TSC-set and propagation model.

6.1.5 Co-Channel Interference Limited Scenario

All TSCs within each set have been evaluated as carrier TSC with a fixed interferer TSC using a TSC from the same set. The interferer used all possible modulations, QPSK, 16QAM and 32QAM. All possible combinations of carrier and interferer TSC have been evaluated, except that an interferer using the same TSC as the carrier is not a feasible scenario and this combination has been removed. In total there are 8x3x7=168 different scenarios for each TSC-set and propagation model.

6.1.6 MCS Settings

To complete the scenario setting, though of minor importance, the used carrier MCSs are: MTCS3-QPSK-r, MTCS7-16QAM-r, and MTCS10-32QAM-r. As mentioned, the simulated SNR and C/I have been selected in each scenario aiming for a BLER around 10%. As performance measure, rawBER have been used.

6.2 Results and Discussion

All simulation results are gathered in Annex C. The figures are CDFs of the raw BER at a given C/I, over all TSCs (noise-limited cases) or TSC pairs and interferer modulations (interference-limited cases).

In general, no particular TSC set performs significantly better than any other. In the noise limited scenarios (see annex C.1), it can be seen that the Ericsson binary and the Nokia quaternary sequence set performs somewhat better than the others and that both Nokia sequences works well for HT channels.
In the interference-limited scenarios using a single-antenna receiver (see annex C.2) it is hard to draw any conclusions. All sets perform, in some sense, equally well.

In the interference-limited scenarios using interference rejection cancellation (see annex C.3) it can be seen that the Ericsson binary set has a small advantage.
All proposed sets of training sequences have been evaluated in both noise limited and interference limited scenarios. No significant performance difference between the sets can be noted. However, the binary Ericsson TSC set performs well in the noise limited scenario and in the interference-limited scenario together with IRC. Generally Ericsson’s binary sequences perform well in all TU cases.
An attempt to summarize the performance of a TSC set in all the simulated scenarios have been made by calculating the average bit throughput. The bit throughput is calculated as the expected ratio of correct bits over all simulations for a specific TSC set and test case. To be able to compare the bit throughput from different scenarios, a “normalized” bit throughput is introduced, as the bit throughput normalized with the maximum bit throughput in the scenario. The bit throughput and the normalized bit throughput are presented in Table 10. The mean of the normalized bit throughputs for each TSC set can be found at the end of Table 10. As a way of prioritize the TU channels, the mean of the normalized bit throughputs in all TU cases have been calculated, and can also be found at the end of Table 10.
	
	
	Ericsson binary
	Ericsson quaternary
	Nokia-Siemens’ quaternary
	Nokia-Siemens’ binary
	Samsung “a”
	Samsung “b”

	Cs, TU,   Figure 13 
	T:
	0.9013
	0.9011
	0.9014
	0.9011
	0.9012
	0.9010

	
	N:
	0.9999
	0.9997
	1.0000
	0.9997
	0.9998
	0.9996

	Cs, HT,   Figure 14
	T:
	0.8703
	0.8709
	0.8717
	0.8716
	0.8694
	0.8694

	
	N:
	0.9984
	0.9991
	1.0000
	0.9999
	0.9974
	0.9973

	Cc, TU,   Figure 15
	T:
	0.8967
	0.8975
	0.8976
	0.8950
	0.8970
	0.8971

	
	N
	0.9990
	0.9999
	1.0000
	0.9972
	0.9994
	0.9995

	Cc, HT,   Figure 16
	T:
	0.9269
	0.9244
	0.9250
	0.9271
	0.9262
	0.9266

	
	N:
	0.9998
	0.9971
	0.9978
	1.0000
	0.9990
	0.9994

	Cc, TU,   Figure 17
	T:
	0.9530
	0.9530
	0.9528
	0.9530
	0.9526
	0.9528

	
	N:
	1.0000    
	1.0000    
	0.9998
	1.0000
	0.9996    
	0.9998    

	Cc, HT,   Figure 18
	T:
	0.8931    
	0.8946    
	0.8941
	0.8924
	0.8921    
	0.8920    

	
	N:
	0.9983    
	1.0000    
	0.9994
	0.9975
	0.9972    
	0.9971    

	Cc, TU,   Figure 19
	T:
	0.9184    
	0.9193    
	0.9200
	0.9195
	0.9182    
	0.9185    

	
	N:
	0.9982    
	0.9993    
	1.0000
	0.9995
	0.9981    
	0.9984    

	Cc, HT,   Figure 20
	T:
	0.9223    
	0.9234    
	0.9233
	0.9236
	0.9223    
	0.9225    

	
	N:
	0.9986    
	0.9998    
	0.9996
	1.0000
	0.9985    
	0.9987    

	Cc, TU, IRC, Figure 21
	T:
	0.8538    
	0.8486    
	0.8521
	0.8483
	0.8489    
	0.8500    

	
	N:
	1.0000        
	0.9939
	0.9979
	0.9936
	0.9943    
	0.9955    

	Cc, HT, IRC, Figure 22
	T:
	0.8958    
	0.8941    
	0.8954
	0.8946
	0.8909    
	0.8917    

	
	N:
	1.0000    
	0.9980    
	0.9995
	0.9986
	0.9945    
	0.9954    

	Cc, TU, IRC, Figure 23
	T:
	0.9442    
	0.9408    
	0.9401
	0.9424
	0.9407    
	0.9414    

	
	N:
	1.0000    
	0.9964    
	0.9957
	0.9981
	0.9963    
	0.9970    

	Cc, HT, IRC, Figure 24
	T:
	0.8595    
	0.8608    
	0.8599
	0.8590
	0.8583    
	0.8582    

	
	N:
	0.9985    
	1.0000    
	0.9990
	0.9979
	0.9971    
	0.9970    

	Cc, TU, IRC, Figure 25
	T:
	0.9107    
	0.9088    
	0.9100
	0.9114
	0.9102    
	0.9106    

	
	N:
	0.9988    
	0.9971    
	0.9984
	1.0000
	0.9991    
	0.9993    

	Cc, HT, IRC, Figure 26
	T:
	0.9200    
	0.9211    
	0.9207
	0.9206
	0.9203    
	0.9204    

	
	N:
	0.9988    
	1.0000    
	0.9995
	0.9994
	0.9991    
	0.9993    

	Mean Normalized Throughput (all cases)
	
	0.9992    
	0.9986    
	0.9990
	0.9987
	0.9978    
	0.9981    

	Mean Normalized Throughput              (TU cases only)
	
	0.9998    
	0.9979    
	0.9987
	0.9982
	0.9976    
	0.9980    


Table 10: Bit throughput and normalized bit throughput for different TSC sets. Cs=Sensitivity, Cc=Interference, T=Throughput, N=Normalized Throughput.
It can be seen from Table 10 that all training sequence code sets yield similar performance. The best performance in mean considering both all cases and only TU cases is obtained by the Ericsson binary set. We propose that the Ericsson binary TSC set shall be used for higher symbol rate bursts in RED HOT/HUGE.

7 Conclusions
The conclusions from this analysis are:
I. The design method described in this contribution seems to give good training sequences.
II. A training sequence length of 31 symbols should be used for high symbol rate bursts.

III. Quaternary training sequences will likely not give significant gains compared to binary ones.
IV. Based on Conclusion III, a binary training sequence set should be used to minimize complexity and memory usage.
V. Based on previous conclusions, the correlation properties and the performance simulations, Ericsson’s binary sequence set of length 31 (Table 14) is best suited to be used as the training sequence set for HSR in RED HOT/HUGE.
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Annex A Training Sequences

A.1 Training sequences found with method in this document
	TSC#
	Training sequence [2]

	0
	 1,-1, 1,-1, 1,-1,-1, i, i,-i,-i,-1,-i,-i,-1,-i,-i, i, i,-1,-1, 1,-1, 1,-1, 1,-1,-1, i, i,-i

	1
	 1, i,-1,-i, 1,-1, i,-i,-1,-i,-1, 1, 1,-i, i, i, 1, i, 1, 1,-i, 1, i,-1,-i, 1,-1, i,-i,-1,-i

	2
	 1,-i,-1, 1, 1,-i, 1,-1, 1,-1, 1,-i, 1, 1,-1,-i, 1, i, i, i, i, 1,-i,-1, 1, 1,-i, 1,-1, 1,-1

	3
	-1,-1, i, 1, 1, i,-i, i, i,-i,-1, 1,-1,-i, i, i,-1,-1,-1, 1,-1,-1,-1, i, 1, 1, i,-i, i, i,-i

	4
	-1,-i,-i,-i, 1, i, 1,-i, 1,-i,-i,-1, i,-i,-1,-i, i,-1,-i,-1, i,-1,-i,-i,-i, 1, i, 1,-i, 1,-i

	5
	 i, 1,-i,-1, 1,-i, 1, 1, i,-i, 1, 1, 1,-1, 1,-1,-i,-i,-1,-i, i, i, 1,-i,-1, 1,-i, 1, 1, i,-i

	6
	 1,-1, i, i, 1, i,-i, 1, i,-1,-1, 1,-i, 1, 1,-i, i,-i, i, i, i, 1,-1, i, i, 1, i,-i, 1, i,-1

	7
	-1, 1, i,-i, 1, 1, 1, 1, 1, 1, i,-1,-1, 1, 1,-i,-1, i,-i,-1, 1,-1, 1, i,-i, 1, 1, 1, 1, 1, 1


Table 11. Quaternary training sequence symbols of length 31 (Telco #1).

	TSC#
	Training sequence [2]

	0
	-1, 1, 1,-1, i, i,-1,-1,-i,-i, i,-i,-1,-i, i,-i,-i,-1,-1, i, i,-1, 1, 1,-1, i

	1
	-1, 1, 1,-1,-i,-i,-1,-1, i, i,-i, i,-1, i,-i, i, i,-1,-1,-i,-i,-1, 1, 1,-1,-i

	2
	 i, 1, 1,-i, i,-1,-1,-i,-i, 1,-i,-1, 1, 1,-i,-1,-i, i,-1, 1, i, i, 1, 1,-i, i

	3
	 i, 1, 1,-i,-i, 1,-1,-i, i,-1, i, 1, 1,-1, i, 1, i, i,-1,-1,-i, i, 1, 1,-i,-i

	4
	-i, 1, 1, i, i, 1,-1, i,-i,-1,-i, 1, 1,-1,-i, 1,-i,-i,-1,-1, i,-i, 1, 1, i, i

	5
	-i, 1, 1, i,-i,-1,-1, i, i, 1, i,-1, 1, 1, i,-1, i,-i,-1, 1,-i,-i, 1, 1, i,-i

	6
	-1, 1,-1,-i, 1,-i, i, i, 1,-i, i,-1, i,-1,-i,-i,-1,-i,-1, i,-1,-1, 1,-1,-i, 1

	7
	-i, 1,-1, 1,-1,-1,-i,-1,-1,-1,-i, i, i,-i, i, 1, 1,-1,-1,-1, 1,-i, 1,-1, 1,-1


Table 12. Quaternary training sequence symbols of length 26 (Telco #1).

	TSC#
	Training sequence [2]

	0
	 1,-1, 1,-1,-1,-1,-1, 1, 1, 1, 1,-1, 1,-1,-1, 1, 1,-1,-1, 1, 1, 1,-1, 1, 1, 1, 1, 1,-1, 1, 1

	1
	-1,-1,-1, 1, 1, 1, 1, 1,-1,-1,-1, 1,-1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1, 1, 1, 1, 1,-1, 1, 1, 1

	2
	-1,-1,-1, 1, 1,-1,-1,-1, 1, 1,-1, 1,-1, 1,-1, 1, 1, 1, 1, 1, 1, 1,-1,-1, 1,-1,-1, 1, 1,-1, 1

	3
	-1, 1, 1,-1, 1,-1, 1, 1,-1, 1, 1, 1, 1,-1,-1, 1, 1, 1, 1, 1,-1,-1, 1,-1,-1,-1, 1,-1, 1, 1, 1

	4
	-1, 1,-1,-1, 1, 1,-1, 1, 1,-1,-1,-1,-1,-1,-1,-1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1,-1,-1, 1, 1, 1

	5
	 1, 1,-1, 1, 1, 1, 1, 1,-1, 1, 1, 1,-1,-1, 1, 1,-1,-1, 1,-1, 1, 1, 1, 1,-1,-1,-1,-1, 1,-1, 1

	6
	-1,-1,-1, 1,-1,-1,-1,-1, 1,-1,-1,-1, 1,-1, 1, 1,-1, 1, 1,-1, 1, 1, 1,-1,-1,-1,-1,-1, 1, 1, 1

	7
	-1,-1,-1, 1,-1, 1, 1, 1,-1, 1, 1,-1,-1,-1,-1,-1, 1, 1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1,-1,-1, 1


Table 13. Binary training sequence symbols of length 31 (Telco #1).
	TSC#
	Training sequence [3]

	0
	 1,-1, 1, 1,-1, 1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1,-1, 1

	1
	-1,-1,-1, 1, 1,-1,-1, 1, 1, 1,-1,-1,-1,-1,-1, 1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1, 1, 1,-1, 1, 1

	2
	-1, 1, 1,-1,-1,-1, 1,-1,-1,-1, 1, 1,-1, 1,-1,-1, 1,-1,-1,-1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1, 1

	3
	 1, 1, 1, 1,-1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1

	4
	-1, 1,-1, 1, 1,-1,-1,-1, 1, 1, 1,-1,-1, 1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1,-1, 1,-1, 1, 1

	5
	 1, 1,-1, 1,-1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1,-1, 1, 1, 1, 1

	6
	-1, 1,-1,-1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1,-1, 1,-1,-1, 1, 1, 1,-1,-1,-1, 1,-1, 1

	7
	-1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1, 1, 1, 1,-1,-1, 1,-1,-1,-1, 1,-1,-1, 1, 1


Table 14: Binary training sequence symbols of length 31 (Telco #4).
	TSC#
	Training sequence [2]

	0
	-1,-1, 1, 1, 1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1,-1, 1,-1,-1, 1, 1,-1, 1, 1,-1, 1

	1
	-1,-1, 1,-1,-1, 1, 1, 1,-1, 1, 1,-1, 1, 1, 1, 1,-1,-1,-1, 1,-1, 1,-1, 1, 1, 1

	2
	 1, 1, 1,-1,-1, 1, 1,-1, 1, 1, 1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1,-1, 1, 1, 1

	3
	 1,-1,-1, 1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1,-1,-1, 1, 1, 1

	4
	 1,-1, 1, 1, 1, 1, 1, 1,-1, 1, 1,-1, 1,-1,-1,-1, 1, 1, 1,-1, 1, 1,-1,-1,-1, 1

	5
	-1,-1,-1, 1,-1, 1,-1, 1, 1, 1,-1,-1,-1,-1, 1,-1,-1, 1,-1,-1,-1, 1, 1,-1, 1, 1

	6
	 1,-1,-1,-1, 1, 1,-1, 1, 1, 1,-1,-1,-1, 1,-1, 1, 1,-1, 1, 1, 1, 1, 1, 1,-1, 1

	7
	-1, 1,-1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1,-1,-1,-1,-1,-1, 1, 1, 1, 1,-1, 1


Table 15. Binary training sequence symbols of length 26 (Telco #1).

A.2 Other training sequences

	TSC#
	Legacy training sequences [4]

	0
	 1, 1,-1, 1, 1,-1, 1,-1,-1,-1, 1, 1, 1, 1,-1, 1, 1, 1,-1, 1, 1,-1, 1,-1,-1,-1

	1
	 1, 1,-1, 1,-1,-1, 1,-1,-1,-1, 1,-1,-1,-1,-1, 1, 1, 1,-1, 1,-1,-1, 1,-1,-1,-1

	2
	 1,-1, 1, 1, 1, 1,-1,-1,-1, 1,-1,-1,-1, 1,-1, 1, 1,-1, 1, 1, 1, 1,-1,-1,-1, 1

	3
	 1,-1, 1, 1, 1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1, 1, 1, 1,-1,-1,-1,-1, 1

	4
	 1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1, 1,-1, 1, 1, 1, 1, 1,-1,-1, 1,-1, 1,-1,-1

	5
	 1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1, 1, 1, 1, 1,-1, 1, 1,-1,-1,-1, 1,-1, 1

	6
	-1, 1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1,-1,-1,-1,-1,-1

	7
	-1,-1,-1, 1,-1,-1,-1,-1, 1, 1, 1,-1, 1, 1,-1, 1,-1,-1,-1, 1,-1,-1,-1,-1, 1, 1


Table 16. Legacy training sequence symbols (length 26).

	TSC#
	Proposed by InterDigital [5]

	0
	 1, 1,-1, 1, 1,-1, 1,-1,-1,-1, 1, 1, 1, 1,-1, 1, 1, 1,-1, 1, 1,-1, 1,-1,-1,-1

	1
	 1, 1,-1, 1,-1,-1, 1,-1,-1,-1, 1,-1,-1,-1,-1, 1, 1, 1,-1, 1,-1,-1, 1,-1,-1,-1

	2
	 1,-1, 1, 1, 1, 1,-1,-1,-1, 1,-1,-1,-1, 1,-1, 1, 1,-1, 1, 1, 1, 1,-1,-1,-1, 1

	3
	 1,-1, 1, 1, 1,-1,-1,-1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1, 1, 1, 1,-1,-1,-1,-1, 1

	4
	-1,-1,-1, 1,-1, 1, 1,-1, 1, 1, 1,-1, 1, 1, 1, 1,-1,-1,-1, 1,-1, 1, 1,-1, 1, 1

	5
	-1,-1,-1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1,-1,-1, 1,-1,-1,-1, 1,-1,-1, 1,-1, 1, 1

	6
	 1,-1,-1,-1, 1, 1, 1, 1,-1, 1, 1,-1, 1,-1,-1,-1, 1,-1,-1,-1, 1, 1, 1, 1,-1, 1

	7
	 1,-1,-1,-1,-1, 1, 1, 1,-1, 1, 1, 1,-1, 1,-1,-1, 1,-1,-1,-1,-1, 1, 1, 1,-1, 1


Table 17. Binary training sequence symbols of length 26, proposed by Interdigital.

	TSC#
	Proposed by Nokia-Siemens [6], [s(17), …, s(23),  s(0), …, s(23)]

	0
	-i,-1,-i, 1, i,-1,-i,-1, i, 1,-i,-1, i,-1, i, 1, i, 1, i,-1,-i,-1,-i,-1,-i,-1,-i, 1, i,-1,-i

	1
	-i,-1, i,-1, i, 1, i,-1, i,-1, i,-1,-i, 1, i,-1, i,-1, i, 1,-i,-1,-i,-1,-i,-1, i,-1, i, 1, i

	2
	-1,-1, 1, 1, 1, 1, 1,-1,-1, 1, 1, 1, 1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1, 1, 1, 1

	3
	 i,-1,-i, 1,-i,-1, i,-1, i,-1,-i,-1, i, 1, i, 1,-i, 1, i, 1, i,-1, i,-1, i,-1,-i, 1,-i,-1, i

	4
	-1, 1, 1, 1,-1, 1,-1, 1,-1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1, 1, 1,-1, 1,-1

	5
	 1, 1, 1,-1, 1,-1, 1, 1, 1, 1,-1,-1, 1,-1,-1,-1,-1, 1, 1, 1,-1, 1,-1,-1, 1, 1, 1,-1, 1,-1, 1

	6
	-1, 1,-1, 1,-1,-1,-1, 1,-1,-1, 1,-1,-1,-1, 1, 1, 1, 1,-1, 1,-1,-1,-1,-1,-1, 1,-1, 1,-1,-1,-1

	7
	 i,-1, i,-1,-i, 1, i, 1,-i, 1, i,-1, i,-1,-i,-1, i,-1, i,-1, i, 1,-i,-1, i,-1, i,-1,-i, 1, i


Table 18: Quaternary training sequence symbols of length 31, proposed by Nokia-Siemens.
	TSC#
	Proposed by Nokia-Siemens, (Received by email on the 8th of May, 2007)

	0
	-1, 1, 1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1,-1, 1,-1, 1, 1,-1,-1, 1,-1, 1,-1,-1, 1, 1, 1,-1, 1, 1

	1
	-1,-1, 1, 1,-1, 1,-1, 1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1,-1,-1,-1,-1, 1,-1,-1,-1, 1, 1,-1, 1,-1

	2
	-1, 1,-1, 1,-1,-1, 1, 1,-1,-1, 1,-1, 1, 1, 1, 1,-1, 1, 1, 1,-1,-1,-1,-1,-1, 1,-1, 1,-1,-1, 1

	3
	-1,-1, 1, 1, 1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1, 1,-1,-1,-1, 1, 1,-1, 1,-1,-1,-1, 1, 1, 1,-1, 1

	4
	-1, 1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1, 1,-1, 1, 1,-1,-1,-1, 1, 1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1

	5
	-1,-1,-1, 1,-1, 1,-1,-1, 1,-1,-1,-1, 1,-1,-1, 1, 1, 1, 1,-1,-1,-1,-1, 1,-1,-1,-1, 1,-1, 1,-1

	6
	-1,-1,-1, 1, 1,-1, 1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1, 1,-1, 1,-1, 1, 1, 1,-1,-1,-1, 1, 1,-1, 1

	7
	 1,-1, 1, 1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1, 1, 1, 1,-1,-1, 1,-1,-1,-1,-1, 1,-1, 1, 1,-1,-1, 1


Table 19: Binary training sequence symbols of length 31, proposed by Nokia-Siemens.
	TSC#
	Proposed by Samsung [7] (“Method 1”).

	0
	-1,-1,-1,-1, 1, 1,-1,-1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1, 1,-1,-1,-1,-1, 1,-1, 1,-1, 1, 1,-1,-1

	1
	-1, 1,-1, 1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1, 1, 1,-1, 1, 1,-1,-1, 1, 1, 1, 1, 1,-1, 1, 1

	2
	-1, 1,-1, 1, 1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1,-1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1

	3
	-1,-1,-1,-1,-1, 1,-1, 1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1

	4
	-1, 1,-1, 1, 1,-1,-1, 1, 1, 1,-1, 1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1, 1, 1,-1,-1,-1,-1,-1,-1, 1

	5
	 1, 1, 1,-1,-1, 1,-1, 1, 1, 1, 1, 1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1, 1,-1

	6
	-1,-1,-1,-1, 1, 1,-1,-1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1, 1, 1, 1,-1,-1, 1,-1, 1,-1, 1, 1

	7
	 1,-1, 1, 1,-1,-1,-1,-1, 1,-1, 1,-1, 1, 1,-1,-1,-1,-1, 1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1


Table 20: Binary training sequence symbols of length 31 (“Method 1”), proposed by Samsung.

	TSC#
	Proposed by Samsung [7] (“Method 2”).

	0
	-1, 1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1, 1,-1, 1,-1, 1, 1,-1,-1,-1,-1, 1,-1, 1,-1, 1, 1

	1
	 1, 1,-1, 1,-1, 1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1,-1, 1, 1,-1, 1, 1, 1, 1, 1,-1,-1, 1, 1,-1, 1

	2
	 1,-1,-1,-1,-1, 1,-1, 1,-1, 1, 1,-1,-1,-1,-1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1, 1,-1,-1,-1,-1,-1

	3
	 1, 1, 1, 1, 1,-1,-1, 1, 1,-1, 1, 1, 1, 1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1,-1, 1

	4
	-1,-1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1, 1,-1, 1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1,-1

	5
	-1,-1, 1,-1, 1,-1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1,-1,-1, 1, 1, 1, 1

	6
	-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1, 1, 1,-1,-1

	7
	-1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1, 1,-1,-1, 1, 1, 1,-1, 1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1


Table 21: Binary training sequence symbols of length 31 (“Method 2”), proposed by Samsung.
	TSC#
	Proposed by Samsung [8] (“a”).

	0
	 1, 1,-1, 1, 1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1, 1,-1, 1, 1, 1,-1, 1, 1, 1,-1,-1,-1,-1,-1

	1
	-1, 1, 1,-1, 1, 1,-1, 1,-1, 1, 1, 1,-1, 1, 1, 1, 1, 1,-1,-1,-1, 1, 1,-1, 1, 1,-1, 1,-1, 1, 1

	2
	 1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1,-1,-1, 1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1

	3
	-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1

	4
	-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1

	5
	-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1, 1, 1, 1, 1, 1,-1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1

	6
	-1, 1,-1, 1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1, 1,-1, 1

	7
	 1,-1,-1,-1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1, 1, 1,-1, 1,-1,-1,-1,-1, 1,-1,-1,-1,-1, 1


Table 22: Binary training sequence symbols of length 31 (“a”), proposed by Samsung.

	TSC#
	Proposed by Samsung [8] (“b”).

	0
	 1,-1, 1, 1, 1,-1,-1,-1,-1,-1, 1, 1,-1, 1,-1, 1, 1,-1, 1, 1, 1,-1, 1, 1, 1,-1,-1,-1,-1,-1, 1

	1
	 1, 1,-1, 1, 1,-1, 1,-1, 1, 1, 1,-1, 1, 1, 1, 1, 1,-1,-1,-1, 1, 1,-1, 1, 1,-1, 1,-1, 1, 1, 1

	2
	 1,-1, 1,-1, 1,-1,-1, 1, 1, 1,-1,-1, 1,-1,-1, 1, 1, 1, 1, 1, 1,-1, 1,-1, 1,-1,-1, 1, 1, 1,-1

	3
	 1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1,-1,-1, 1,-1, 1,-1,-1, 1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1

	4
	 1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1, 1,-1, 1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1,-1,-1,-1, 1,-1,-1, 1

	5
	-1,-1, 1, 1,-1,-1, 1,-1, 1,-1, 1, 1, 1, 1, 1,-1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1,-1, 1

	6
	 1,-1, 1, 1, 1,-1,-1, 1,-1, 1,-1,-1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1, 1, 1,-1,-1, 1,-1, 1,-1

	7
	-1,-1,-1,-1, 1,-1,-1,-1,-1, 1, 1,-1,-1, 1,-1, 1, 1, 1,-1, 1,-1,-1,-1,-1, 1,-1,-1,-1,-1, 1, 1


Table 23: Binary training sequence symbols of length 31 (“b”), proposed by Samsung.
Annex B Listing of cross correlations >0.5

Below, correlations above 0.5 are presented. Section B.1 shows correlations within set “B”. The other sections show correlations >0.5 within set “A” for the different TSC sets. No correlations >0.5 between set “A” and set “B” were found.

In the list, the two compared sequences are separated by “--“ and the maximum correlation between these two are presented after the “=”.

B.1 Set “B” (legacy TS)
1 GMSK (LSR LEGACY TSC) -- 2 GMSK (LSR LEGACY TSC)   = 0.61538

1 GMSK (LSR LEGACY TSC) -- 3 GMSK (LSR LEGACY TSC)   = 0.65385

1 GMSK (LSR LEGACY TSC) -- 4 GMSK (LSR LEGACY TSC)   = 0.5

1 GMSK (LSR LEGACY TSC) -- 5 GMSK (LSR LEGACY TSC)   = 0.65385

1 GMSK (LSR LEGACY TSC) -- 7 GMSK (LSR LEGACY TSC)   = 0.53846

1 GMSK (LSR LEGACY TSC) -- 8 GMSK (LSR LEGACY TSC)   = 0.65385

1 GMSK (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.52102

2 GMSK (LSR LEGACY TSC) -- 4 GMSK (LSR LEGACY TSC)   = 0.57692

2 GMSK (LSR LEGACY TSC) -- 5 GMSK (LSR LEGACY TSC)   = 0.57692

2 GMSK (LSR LEGACY TSC) -- 6 GMSK (LSR LEGACY TSC)   = 0.57692

2 GMSK (LSR LEGACY TSC) -- 7 GMSK (LSR LEGACY TSC)   = 0.61538

2 GMSK (LSR LEGACY TSC) -- 8 GMSK (LSR LEGACY TSC)   = 0.65385

2 GMSK (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.50883

3 GMSK (LSR LEGACY TSC) -- 4 GMSK (LSR LEGACY TSC)   = 0.61538

3 GMSK (LSR LEGACY TSC) -- 5 GMSK (LSR LEGACY TSC)   = 0.53846

3 GMSK (LSR LEGACY TSC) -- 8 GMSK (LSR LEGACY TSC)   = 0.69231

4 GMSK (LSR LEGACY TSC) -- 5 GMSK (LSR LEGACY TSC)   = 0.53846

4 GMSK (LSR LEGACY TSC) -- 6 GMSK (LSR LEGACY TSC)   = 0.61538

4 GMSK (LSR LEGACY TSC) -- 7 GMSK (LSR LEGACY TSC)   = 0.65385

4 GMSK (LSR LEGACY TSC) -- 8 GMSK (LSR LEGACY TSC)   = 0.76923

5 GMSK (LSR LEGACY TSC) -- 6 GMSK (LSR LEGACY TSC)   = 0.53846

5 GMSK (LSR LEGACY TSC) -- 8 GMSK (LSR LEGACY TSC)   = 0.53846

5 GMSK (LSR LEGACY TSC) -- 6 16QAM (LSR LEGACY TSC)   = 0.53398

5 GMSK (LSR LEGACY TSC) -- 7 16QAM (LSR LEGACY TSC)   = 0.53063

5 GMSK (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.55845

6 GMSK (LSR LEGACY TSC) -- 7 GMSK (LSR LEGACY TSC)   = 0.73077

6 GMSK (LSR LEGACY TSC) -- 5 16QAM (LSR LEGACY TSC)   = 0.53398

6 GMSK (LSR LEGACY TSC) -- 7 32QAM (LSR LEGACY TSC)   = 0.53226

7 GMSK (LSR LEGACY TSC) -- 5 16QAM (LSR LEGACY TSC)   = 0.53063

7 GMSK (LSR LEGACY TSC) -- 8 16QAM (LSR LEGACY TSC)   = 0.55713

7 GMSK (LSR LEGACY TSC) -- 6 32QAM (LSR LEGACY TSC)   = 0.53226

8 GMSK (LSR LEGACY TSC) -- 7 16QAM (LSR LEGACY TSC)   = 0.55713

8 GMSK (LSR LEGACY TSC) -- 1 32QAM (LSR LEGACY TSC)   = 0.52102

8 GMSK (LSR LEGACY TSC) -- 2 32QAM (LSR LEGACY TSC)   = 0.50883

8 GMSK (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.55845

1 8PSK (LSR LEGACY TSC) -- 2 8PSK (LSR LEGACY TSC)   = 0.61538

1 8PSK (LSR LEGACY TSC) -- 3 8PSK (LSR LEGACY TSC)   = 0.65385

1 8PSK (LSR LEGACY TSC) -- 5 8PSK (LSR LEGACY TSC)   = 0.65385

1 8PSK (LSR LEGACY TSC) -- 7 8PSK (LSR LEGACY TSC)   = 0.53846

1 8PSK (LSR LEGACY TSC) -- 8 8PSK (LSR LEGACY TSC)   = 0.65385

2 8PSK (LSR LEGACY TSC) -- 4 8PSK (LSR LEGACY TSC)   = 0.57692

2 8PSK (LSR LEGACY TSC) -- 5 8PSK (LSR LEGACY TSC)   = 0.57692

2 8PSK (LSR LEGACY TSC) -- 6 8PSK (LSR LEGACY TSC)   = 0.57692

2 8PSK (LSR LEGACY TSC) -- 7 8PSK (LSR LEGACY TSC)   = 0.61538

2 8PSK (LSR LEGACY TSC) -- 8 8PSK (LSR LEGACY TSC)   = 0.65385

3 8PSK (LSR LEGACY TSC) -- 4 8PSK (LSR LEGACY TSC)   = 0.61538

3 8PSK (LSR LEGACY TSC) -- 5 8PSK (LSR LEGACY TSC)   = 0.53846

3 8PSK (LSR LEGACY TSC) -- 8 8PSK (LSR LEGACY TSC)   = 0.69231

4 8PSK (LSR LEGACY TSC) -- 5 8PSK (LSR LEGACY TSC)   = 0.53846

4 8PSK (LSR LEGACY TSC) -- 6 8PSK (LSR LEGACY TSC)   = 0.61538

4 8PSK (LSR LEGACY TSC) -- 7 8PSK (LSR LEGACY TSC)   = 0.65385

4 8PSK (LSR LEGACY TSC) -- 8 8PSK (LSR LEGACY TSC)   = 0.76923

5 8PSK (LSR LEGACY TSC) -- 6 8PSK (LSR LEGACY TSC)   = 0.53846

5 8PSK (LSR LEGACY TSC) -- 8 8PSK (LSR LEGACY TSC)   = 0.53846

6 8PSK (LSR LEGACY TSC) -- 7 8PSK (LSR LEGACY TSC)   = 0.73077

1 16QAM (LSR LEGACY TSC) -- 2 16QAM (LSR LEGACY TSC)   = 0.61538

1 16QAM (LSR LEGACY TSC) -- 3 16QAM (LSR LEGACY TSC)   = 0.65385

1 16QAM (LSR LEGACY TSC) -- 5 16QAM (LSR LEGACY TSC)   = 0.65385

1 16QAM (LSR LEGACY TSC) -- 7 16QAM (LSR LEGACY TSC)   = 0.53846

1 16QAM (LSR LEGACY TSC) -- 8 16QAM (LSR LEGACY TSC)   = 0.65385

1 16QAM (LSR LEGACY TSC) -- 2 32QAM (LSR LEGACY TSC)   = 0.51745

1 16QAM (LSR LEGACY TSC) -- 3 32QAM (LSR LEGACY TSC)   = 0.54393

1 16QAM (LSR LEGACY TSC) -- 4 32QAM (LSR LEGACY TSC)   = 0.56788

1 16QAM (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.60079

2 16QAM (LSR LEGACY TSC) -- 4 16QAM (LSR LEGACY TSC)   = 0.57692

2 16QAM (LSR LEGACY TSC) -- 5 16QAM (LSR LEGACY TSC)   = 0.57692

2 16QAM (LSR LEGACY TSC) -- 6 16QAM (LSR LEGACY TSC)   = 0.57692

2 16QAM (LSR LEGACY TSC) -- 7 16QAM (LSR LEGACY TSC)   = 0.61538

2 16QAM (LSR LEGACY TSC) -- 8 16QAM (LSR LEGACY TSC)   = 0.65385

2 16QAM (LSR LEGACY TSC) -- 1 32QAM (LSR LEGACY TSC)   = 0.51745

2 16QAM (LSR LEGACY TSC) -- 3 32QAM (LSR LEGACY TSC)   = 0.56788

2 16QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.50148

3 16QAM (LSR LEGACY TSC) -- 4 16QAM (LSR LEGACY TSC)   = 0.61538

3 16QAM (LSR LEGACY TSC) -- 5 16QAM (LSR LEGACY TSC)   = 0.53846

3 16QAM (LSR LEGACY TSC) -- 8 16QAM (LSR LEGACY TSC)   = 0.69231

3 16QAM (LSR LEGACY TSC) -- 1 32QAM (LSR LEGACY TSC)   = 0.54393

3 16QAM (LSR LEGACY TSC) -- 2 32QAM (LSR LEGACY TSC)   = 0.56788

3 16QAM (LSR LEGACY TSC) -- 4 32QAM (LSR LEGACY TSC)   = 0.51745

3 16QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.52313

4 16QAM (LSR LEGACY TSC) -- 5 16QAM (LSR LEGACY TSC)   = 0.53846

4 16QAM (LSR LEGACY TSC) -- 6 16QAM (LSR LEGACY TSC)   = 0.61538

4 16QAM (LSR LEGACY TSC) -- 7 16QAM (LSR LEGACY TSC)   = 0.65385

4 16QAM (LSR LEGACY TSC) -- 8 16QAM (LSR LEGACY TSC)   = 0.76923

4 16QAM (LSR LEGACY TSC) -- 1 32QAM (LSR LEGACY TSC)   = 0.56788

4 16QAM (LSR LEGACY TSC) -- 3 32QAM (LSR LEGACY TSC)   = 0.51745

4 16QAM (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.62611

5 16QAM (LSR LEGACY TSC) -- 6 16QAM (LSR LEGACY TSC)   = 0.53846

5 16QAM (LSR LEGACY TSC) -- 8 16QAM (LSR LEGACY TSC)   = 0.53846

5 16QAM (LSR LEGACY TSC) -- 2 32QAM (LSR LEGACY TSC)   = 0.50148

5 16QAM (LSR LEGACY TSC) -- 3 32QAM (LSR LEGACY TSC)   = 0.52313

5 16QAM (LSR LEGACY TSC) -- 6 32QAM (LSR LEGACY TSC)   = 0.51745

5 16QAM (LSR LEGACY TSC) -- 7 32QAM (LSR LEGACY TSC)   = 0.54393

6 16QAM (LSR LEGACY TSC) -- 7 16QAM (LSR LEGACY TSC)   = 0.73077

6 16QAM (LSR LEGACY TSC) -- 4 32QAM (LSR LEGACY TSC)   = 0.5

6 16QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.51745

7 16QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.54393

8 16QAM (LSR LEGACY TSC) -- 1 32QAM (LSR LEGACY TSC)   = 0.60079

8 16QAM (LSR LEGACY TSC) -- 4 32QAM (LSR LEGACY TSC)   = 0.62611

1 32QAM (LSR LEGACY TSC) -- 2 32QAM (LSR LEGACY TSC)   = 0.61538

1 32QAM (LSR LEGACY TSC) -- 3 32QAM (LSR LEGACY TSC)   = 0.65385

1 32QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.65385

1 32QAM (LSR LEGACY TSC) -- 7 32QAM (LSR LEGACY TSC)   = 0.53846

1 32QAM (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.65385

2 32QAM (LSR LEGACY TSC) -- 4 32QAM (LSR LEGACY TSC)   = 0.57692

2 32QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.57692

2 32QAM (LSR LEGACY TSC) -- 6 32QAM (LSR LEGACY TSC)   = 0.57692

2 32QAM (LSR LEGACY TSC) -- 7 32QAM (LSR LEGACY TSC)   = 0.61538

2 32QAM (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.65385

3 32QAM (LSR LEGACY TSC) -- 4 32QAM (LSR LEGACY TSC)   = 0.61538

3 32QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.53846

3 32QAM (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.69231

4 32QAM (LSR LEGACY TSC) -- 5 32QAM (LSR LEGACY TSC)   = 0.53846

4 32QAM (LSR LEGACY TSC) -- 6 32QAM (LSR LEGACY TSC)   = 0.61538

4 32QAM (LSR LEGACY TSC) -- 7 32QAM (LSR LEGACY TSC)   = 0.65385

4 32QAM (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.76923

5 32QAM (LSR LEGACY TSC) -- 6 32QAM (LSR LEGACY TSC)   = 0.53846

5 32QAM (LSR LEGACY TSC) -- 8 32QAM (LSR LEGACY TSC)   = 0.53846

6 32QAM (LSR LEGACY TSC) -- 7 32QAM (LSR LEGACY TSC)   = 0.73077

B.2 Ericsson’s Quaternary of length 31

2 QPSK -- 1 16QAM   = 0.67742

4 QPSK -- 5 16QAM   = 0.67742

2 16QAM -- 1 32QAM   = 0.67742

4 16QAM -- 5 32QAM   = 0.67742

B.3 Nokia-Siemens’ Quaternary
1 QPSK -- 5 16QAM   = 0.67742

1 QPSK -- 4 32QAM   = 0.51613

2 QPSK -- 5 16QAM   = 0.54839

2 QPSK -- 8 32QAM   = 0.70968

3 QPSK -- 2 16QAM   = 0.58065

3 QPSK -- 8 16QAM   = 0.6129

3 QPSK -- 5 32QAM   = 0.51613

4 QPSK -- 6 16QAM   = 0.90323

4 QPSK -- 1 32QAM   = 0.51613

5 QPSK -- 2 16QAM   = 0.54839
5 QPSK -- 3 32QAM   = 0.51613

5 QPSK -- 6 32QAM   = 0.54839

6 QPSK -- 1 16QAM   = 0.6129

6 QPSK -- 5 32QAM   = 0.54839

6 QPSK -- 7 32QAM   = 0.67742

7 QPSK -- 1 16QAM   = 0.54839

7 QPSK -- 4 16QAM   = 0.58065

7 QPSK -- 8 16QAM   = 0.58065

7 QPSK -- 6 32QAM   = 0.67742

8 QPSK -- 5 16QAM   = 0.58065
8 QPSK -- 2 32QAM   = 0.70968

1 16QAM -- 5 32QAM   = 0.67742

2 16QAM -- 5 32QAM   = 0.54839

3 16QAM -- 2 32QAM   = 0.58065

3 16QAM -- 8 32QAM   = 0.6129

4 16QAM -- 6 32QAM   = 0.90323

5 16QAM -- 2 32QAM   = 0.54839

6 16QAM -- 1 32QAM   = 0.6129

7 16QAM -- 1 32QAM   = 0.54839

7 16QAM -- 4 32QAM   = 0.58065

7 16QAM -- 8 32QAM   = 0.58065

8 16QAM -- 5 32QAM   = 0.58065
B.4 Nokia-Siemens’ Binary

2 QPSK -- 5 32QAM   = 0.51613

3 QPSK -- 4 32QAM   = 0.51613

4 QPSK -- 3 32QAM   = 0.51613

4 QPSK -- 8 32QAM   = 0.54839

5 QPSK -- 2 32QAM   = 0.51613

5 QPSK -- 7 32QAM   = 0.6129

7 QPSK -- 5 32QAM   = 0.6129

8 QPSK -- 4 32QAM   = 0.54839

B.5 Samsung’s Method 1

1 QPSK -- 6 QPSK   = 0.51613

1 QPSK -- 8 QPSK   = 0.51613

1 QPSK -- 3 32QAM   = 1

1 QPSK -- 6 32QAM   = 0.51613

1 QPSK -- 8 32QAM   = 0.51613

2 QPSK -- 7 QPSK   = 0.51613

2 QPSK -- 4 32QAM   = 1

2 QPSK -- 5 32QAM   = 0.51613

3 QPSK -- 6 QPSK   = 0.51613

3 QPSK -- 8 QPSK   = 0.51613

3 QPSK -- 1 32QAM   = 1

3 QPSK -- 6 32QAM   = 0.51613

3 QPSK -- 8 32QAM   = 0.51613

4 QPSK -- 5 QPSK   = 0.51613

4 QPSK -- 2 32QAM   = 1

4 QPSK -- 7 32QAM   = 0.51613

5 QPSK -- 8 QPSK   = 0.58065

5 QPSK -- 2 32QAM   = 0.51613

5 QPSK -- 6 32QAM   = 0.58065

5 QPSK -- 7 32QAM   = 1

6 QPSK -- 7 QPSK   = 0.58065

6 QPSK -- 1 32QAM   = 0.51613

6 QPSK -- 3 32QAM   = 0.51613

6 QPSK -- 5 32QAM   = 0.58065

6 QPSK -- 8 32QAM   = 1

7 QPSK -- 4 32QAM   = 0.51613

7 QPSK -- 5 32QAM   = 1

7 QPSK -- 8 32QAM   = 0.58065

8 QPSK -- 1 32QAM   = 0.51613

8 QPSK -- 3 32QAM   = 0.51613

8 QPSK -- 6 32QAM   = 1

8 QPSK -- 7 32QAM   = 0.58065

1 16QAM -- 6 16QAM   = 0.51613

1 16QAM -- 8 16QAM   = 0.51613

2 16QAM -- 7 16QAM   = 0.51613

3 16QAM -- 6 16QAM   = 0.51613

3 16QAM -- 8 16QAM   = 0.51613

4 16QAM -- 5 16QAM   = 0.51613

5 16QAM -- 8 16QAM   = 0.58065

6 16QAM -- 7 16QAM   = 0.58065

1 32QAM -- 6 32QAM   = 0.51613

1 32QAM -- 8 32QAM   = 0.51613

2 32QAM -- 7 32QAM   = 0.51613

3 32QAM -- 6 32QAM   = 0.51613

3 32QAM -- 8 32QAM   = 0.51613

4 32QAM -- 5 32QAM   = 0.51613

5 32QAM -- 8 32QAM   = 0.58065

6 32QAM -- 7 32QAM   = 0.58065

B.6 Samsung’s Method 2

1 QPSK -- 8 QPSK   = 0.54839

1 QPSK -- 3 32QAM   = 0.51613

1 QPSK -- 6 32QAM   = 0.6129

1 QPSK -- 7 32QAM   = 0.54839

1 QPSK -- 8 32QAM   = 0.58065

2 QPSK -- 6 QPSK   = 0.51613

2 QPSK -- 7 32QAM   = 0.58065

3 QPSK -- 1 32QAM   = 0.51613

3 QPSK -- 7 32QAM   = 0.54839

4 QPSK -- 5 QPSK   = 0.51613

4 QPSK -- 6 32QAM   = 0.6129

5 QPSK -- 6 32QAM   = 0.51613

6 QPSK -- 1 32QAM   = 0.6129

6 QPSK -- 4 32QAM   = 0.6129

6 QPSK -- 5 32QAM   = 0.51613

6 QPSK -- 7 32QAM   = 0.51613

7 QPSK -- 1 32QAM   = 0.54839

7 QPSK -- 2 32QAM   = 0.58065

7 QPSK -- 3 32QAM   = 0.54839

7 QPSK -- 6 32QAM   = 0.51613

8 QPSK -- 1 32QAM   = 0.58065

1 16QAM -- 8 16QAM   = 0.54839

2 16QAM -- 6 16QAM   = 0.51613

4 16QAM -- 5 16QAM   = 0.51613

1 32QAM -- 8 32QAM   = 0.54839

2 32QAM -- 6 32QAM   = 0.51613

4 32QAM -- 5 32QAM   = 0.51613

B.7 Samsung’s ”a”

1 QPSK -- 6 QPSK   = 0.58065

1 QPSK -- 7 QPSK   = 0.58065

1 QPSK -- 2 32QAM   = 0.51613

1 QPSK -- 6 32QAM   = 0.54839

2 QPSK -- 6 QPSK   = 0.54839

2 QPSK -- 3 16QAM   = 0.50078

2 QPSK -- 1 32QAM   = 0.51613

2 QPSK -- 5 32QAM   = 0.6129

3 QPSK -- 2 16QAM   = 0.50078

3 QPSK -- 5 32QAM   = 0.51613
4 QPSK -- 5 QPSK   = 0.6129

4 QPSK -- 6 32QAM   = 0.51613

5 QPSK -- 2 32QAM   = 0.6129

5 QPSK -- 3 32QAM   = 0.51613

5 QPSK -- 6 32QAM   = 0.58065

6 QPSK -- 8 QPSK   = 0.51613

6 QPSK -- 1 32QAM   = 0.54839

6 QPSK -- 4 32QAM   = 0.51613

6 QPSK -- 5 32QAM   = 0.58065

6 QPSK -- 7 32QAM   = 0.51613
7 QPSK -- 6 32QAM   = 0.51613

1 16QAM -- 6 16QAM   = 0.58065

1 16QAM -- 7 16QAM   = 0.58065

2 16QAM -- 6 16QAM   = 0.54839

2 16QAM -- 3 32QAM   = 0.50078

3 16QAM -- 2 32QAM   = 0.50078

4 16QAM -- 5 16QAM   = 0.6129

6 16QAM -- 8 16QAM   = 0.51613

1 32QAM -- 6 32QAM   = 0.58065

1 32QAM -- 7 32QAM   = 0.58065
2 32QAM -- 6 32QAM   = 0.54839

4 32QAM -- 5 32QAM   = 0.6129

6 32QAM -- 8 32QAM   = 0.51613
B.8 Samsung’s ”b”

1 QPSK -- 5 QPSK   = 0.51613

1 QPSK -- 6 QPSK   = 0.58065

1 QPSK -- 7 QPSK   = 0.58065

1 QPSK -- 2 32QAM   = 0.58065

1 QPSK -- 6 32QAM   = 0.54839

2 QPSK -- 6 QPSK   = 0.54839

2 QPSK -- 3 16QAM   = 0.52512

2 QPSK -- 1 32QAM   = 0.58065

2 QPSK -- 5 32QAM   = 0.67742

2 QPSK -- 8 32QAM   = 0.51613
3 QPSK -- 2 16QAM   = 0.52512

3 QPSK -- 5 32QAM   = 0.51613

4 QPSK -- 5 QPSK   = 0.6129

4 QPSK -- 6 32QAM   = 0.51613

5 QPSK -- 2 32QAM   = 0.67742

5 QPSK -- 3 32QAM   = 0.51613

5 QPSK -- 6 32QAM   = 0.51613

6 QPSK -- 8 QPSK   = 0.51613

6 QPSK -- 1 32QAM   = 0.54839

6 QPSK -- 4 32QAM   = 0.51613
6 QPSK -- 5 32QAM   = 0.51613

6 QPSK -- 8 32QAM   = 0.51613

8 QPSK -- 2 32QAM   = 0.51613

8 QPSK -- 6 32QAM   = 0.51613

1 16QAM -- 5 16QAM   = 0.51613

1 16QAM -- 6 16QAM   = 0.58065

1 16QAM -- 7 16QAM   = 0.58065

2 16QAM -- 6 16QAM   = 0.54839

2 16QAM -- 3 32QAM   = 0.52512

3 16QAM -- 2 32QAM   = 0.52512
4 16QAM -- 5 16QAM   = 0.6129

6 16QAM -- 8 16QAM   = 0.51613

1 32QAM -- 5 32QAM   = 0.51613

1 32QAM -- 6 32QAM   = 0.58065

1 32QAM -- 7 32QAM   = 0.58065

2 32QAM -- 6 32QAM   = 0.54839

4 32QAM -- 5 32QAM   = 0.6129

6 32QAM -- 8 32QAM   = 0.51613
Annex C Performance Simulation Results

The results are presented as CDFs (Cumulative Distribution Functions). The x-axes shows a target rawBER and the y-axes indicate how many TSCs/scenarios within the set that reach the target rawBER. 

C.1 Noise Limited Scenarios
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Figure 13
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Figure 14
C.2 Interference-Limited Scenarios
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Figure 15
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Figure 16
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Figure 17
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Figure 18
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Figure 19
[image: image39.png]MTCS10-32QAM-r, HT

0.9

CDF of pairs
o o o o o o o
N w EES o1 » ~ [0 0]

(@]
N

..................................

Ericsson
Ericsson Q
Nokia—Siemens B
Nokia—Siemens Q
Samsung a
Samsung b

0
0.072

0.074

0.076

0.078 0.08 0.082 0.084 0.086
rawBER




Figure 20
C.3 Interference-Limited Scenarios with IRC
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Figure 21
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Figure 22
[image: image42.png]MTCS7-16QAM-r, TU, IRC

0.9

CDF of pairs
(] (] (] (] (]
I o o ~ o

©
w

©
o

0.1 o SR

Ericsson B
Ericsson Q
Nokia—Siemens B
Nokia—Siemens Q
Samsung a
Samsung b

O L 1
0.06 . 0.12
rawBER

0.14

0.16

0.18




Figure 23
[image: image43.png]MTCS7-16QAM-r, HT, IRC

0.9

CDF of pairs
o o o o o o o
N w EES o1 » ~ [0 0]

(@]
N

____________________________________________________

Ericsson B
Ericsson Q
Nokia—Siemens B
Nokia—Siemens Q
Samsung a
Samsung b

O d i i
0.075 0.08 0.085

0.09

0.095
rawBER

0.1

0.105

0.11

0.115




Figure 24
[image: image44.png]0.9

o
o]

o
\I

o
o))

CDF of pairs
o o o
w I o

©
o

Ericsson B
Ericsson Q
Nokia—Siemens B
Nokia—Siemens Q
Samsung a
Samsung b

0.09 0.1 0.11

0.07 0.08

rawBER

O i i
0.03 0.04 0.05 0.06




Figure 25
[image: image45.png]MTCS10-32QAM-r, HT, IRC

0.9

CDF of pairs
o o o o o o
w EES o1 » ~ [0 0]

©
o

0.1

Ericsson B
Ericsson Q

Nokia-Siemens B
Nokia—Siemens Q

Samsung a
Samsung b

0.08 0.085
rawBER

0.09

0.095




Figure 26






1(41)
22(41)

_1234622821.unknown

_1234696752.unknown

_1234697045.unknown

_1238244762.unknown

_1238342275.unknown

_1238245064.unknown

_1234698788.unknown

_1234696873.unknown

_1234696902.unknown

_1234625831.unknown

_1234681467.unknown

_1234681552.unknown

_1234679568.unknown

_1234623406.unknown

_1234625513.unknown

_1234622954.unknown

_1234615844.unknown

_1234615879.unknown

_1234615712.unknown

