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1. Introduction
In RED HOT/HUGE Telephone Conference #3, the contribution [1] introduced a mixed-modulation burst structure in which 8PSK modulation is used in combination with 8PSK, 16QAM or 32QAM modulation.  The objective of the proposed burst structure was to enable a legacy EDGE mobile station to extract the USF from a RED HOT A burst.  This proposal has a significant drawback in that the modulation type is signalled using the legacy Stealing Flags, and thus the modulation type is not known until the last burst of the block.  Given that a decision-feedback-type (DFE-type) equalizer, such as the DDFSE or DFE/RSSE, requires knowledge of the signal constellation, this signalling method would delay equalization of any burst until after all bursts have been received.  Furthermore, regardless of the equalizer implementation, the decoder metrics cannot be extracted until the modulation type is known, and thus it would not be able to extract the decoder metrics until all bursts were received.  The resulting impact on the mobile station with respect to buffering and latency is likely not acceptable.  In RED HOT/HUGE Telephone Conference #4, the contribution [2] proposed that the modulation type be explicitly signalled in the first burst.  In this contribution, a method for signalling the modulation type within the first two bursts is proposed and the performance is evaluated.
2. Reliability Benchmarks
In the proposal [1], the rotation of the TSC is used to indicate to the RED HOT A mobile either that the burst is GMSK modulated throughout, or alternatively, that 8PSK modulation is used for the encoded USF and header bits, and 8PSK, 16QAM, or 32QAM modulation is used to transmit the encoded data symbols.  The proposal [1] further defines a new Stealing Flag (SF) codeword, and this third codeword and the two existing SF codewords are used to signal the modulation type used for the data portion of the burst.  The drawback of this approach is that the SF codeword is transmitted incrementally over the four bursts, and thus is not fully received until the last burst.  If the RED HOT A mobile station cannot extract the modulation type information until all of the SF bits are received, then no burst can be equalized until the last burst is received if a DFE-type equalizer is used, since such equalizers require a priori knowledge of the modulation constellation.  The impact of such a delay on the mobile station with respect to buffering and latency is likely not acceptable.  
In order that that each RED HOT A burst can be equalized when received without the need to wait until all four bursts comprising the block have been received, it was proposed in [2] that the signalling of the modulation type be fully contained within the first burst.  The reliability of the modulation-type signalling should be consistent with the reliability of the header and the legacy SF transmission, so as to have minimal impact on the overall likelihood that a block will be received in error.  Several benchmarks for comparison can be used to determine the needed reliability for the signalling of the modulation type and these include:
i) the reliability of modulation detection via the symbol-to-symbol phase rotation of the TSC as is used in EDGE to distinguish between GMSK and 8PSK modulation;

ii) the reliability of the header type signalling using the Stealing Flags;
iii) the reliability of the header.

With respect to (i), one measure of the reliability of modulation detection as implemented for EDGE is the Euclidean distance between the sequences resulting from the application of two different symbol-to-symbol phase rotations to the base training sequence.  As the receiver has no phase reference prior to the training of the equalizer, the appropriate distance measure is the minimum over all possible phase rotations (one fixed phase rotation of the entire sequence) of the second TS relative to the first.  With this definition, the minimum squared Euclidean distance between the two sequences is 42.5, and this value is independent of the TS.  It should be noted that this measure is in some sense an upper bound on reliability as the training sequence is simultaneously used to train the equalizer.

Conversely, the minimum squared Euclidean distance associated with the two SF codewords used to signal the header type for MCS 5-9 is 8.  The distance can be larger than this (it depends on the four header bits transmitted along with the SF bits), but for a decoder using the standard “dual-min” metric, the minimum squared Euclidean distance is the appropriate measure.   Of course, the SF signalling benefits from diversity whereas modulation detection does not.
The performance of modulation type signalling relative to that of the header is perhaps the most relevant measure of the impact of explicit signalling of the modulation type.  If the header received correctly while the MTI is in error, the data portion of the block will be in error, and furthermore, in the event that HARQ is used, the data portion cannot be properly combined with previous or subsequent transmissions. If it can be shown that the MTI signalling is much more reliable than that of the header so that if the header is correctly received, the likelihood that the MTI will be received incorrectly is negligible, then it is reasonable to conclude that the modulation type is signalled with sufficient reliability. 

3. Signalling of the Modulation Type

If the modulation type is to be signalled within the first burst, then it is clear that the minimum squared Euclidean distance between any set of two codewords should be no less than 8.  Given that three modulation types must be signalled (8PSK, 16QAM, or 32QAM), three modulation type indicator (MTI) codewords are required.  One possible set of MTI codewords consisting of five 8PSK symbols is the following:



8PSK: 

{0, 0, 0, 0, 0} degrees



16QAM: 
{90, 135, 135, 90, 135} degrees



32QAM:
{225, 225, 270, 225, 225} degrees
where the constellation points are identified by the phase in degrees.  The minimum squared Euclidean distance for the above set of MTI codewords is 14.2, and the increase relative to the two SF codewords is 2.5 dB.  The symbols used to signal the modulation type would be placed close to the TS, on symbols that do not contain the legacy USF bits.  Alternatively, in order to obtain some benefit from diversity, the 5 symbols can be partitioned into two subsets, with the first and second subsets transmitted in the first and second bursts, respectively. 
Explicit signalling of the modulation type within the first burst or the first two bursts as suggested above requires five 8PSK symbols, and thus reduces the number of binary code symbols available for encoding the header (or data) by 15 symbols.  However, in the event that only a single header type is used for each modulation as suggested in [1], the Stealing Flags would no longer be required, and thus the overall reduction in the number of binary code symbols available for the encoding of the header would be reduced by 7.
Although the 5 symbol MTI codewords proposed above have been designed such that the minimum pairwise Euclidean distance is 2.5 dB greater than that between the SF codewords for the two 8PSK header types, the MTI codewords are at a disadvantage relative to the Stealing Flags with respect to both time and frequency diversity.  In particular, in certain types of propagation scenarios such ideal frequency hopping, the Stealing Flags benefit from 4-th order diversity while the MTI codewords are received with diversity of order 1 or 2, depending on whether the codewords are transmitted over one or two bursts.  In order to determine the impact of diversity on the relative reliabilities of the Stealing Flags and modulation type signalling, two alternative methods were considered for transmission of the length-5 MTI codewords:

Method 1:     all 5 MTI code symbols are transmitted in the first burst;


Method 2:     3 and 2 MTI code symbols are transmitted in the first and second burst, respectively.

For Method 1, the MTI codeword symbols are transmitted in symbol positions 55, 90, 91, 92 and 93 of the first burst, as indicated in Figure 1.  For Method 2, the codeword symbols are transmitted in symbol positions 55, 90 and 91 of the first burst and on symbol positions 90 and 91 of the second burst as indicated in Figure 2. It should be noted that the MTI symbols are located in the 8PSK portion of the burst that lies between the first and last symbols of the burst containing the legacy USF bits. The Stealing Flags are mapped on to the bursts exactly in the same manner as for MCS 5-9 channels. Similarly, a header codeword of length 100 bits is mapped onto the burst in the same manner as for MCS 5-6, except that the header bit positions now taken by the MTI code symbols in symbol positions 90, 91, 92 and 93 of the first burst for Method 1, or positions 90 and 91 of the first two bursts for Method 2, are now mapped to symbol position 94 of the first two and four bursts, respectively.

4. Simulations of MTI Performance
Simulations of MTI signalling using Methods 1 and 2 were performed for three channel types: TU3iFH, HT100nFH, and TU3nFH.  All simulations were performed at 900 MHz.  In the simulations, the receiver employed a DFE/RSSE-type equalizer operating in the forward direction only.  The modulation type for the mixed modulation portion of the burst was chosen randomly for each block.  The following statistics were collected as part of the simulations:

i) the BLER for the stealing flags;
ii) the BLER for the MTI signalling;
iii) the BLER for the legacy MCS 5-6 header;

iv) the BLER for the modified MCS 5-6 header with the relocation of bits due to MTI signalling;

v) the probability that the header OR the stealing flags are received incorrectly;

vi) the probability that the header OR the stealing flags OR the MTI are received incorrectly.

The difference between (v) and (vi) denotes the maximum impact on link performance associated with the explicit signalling of the modulation type.  
Figures 1-2 indicate the impact of the explicit signalling of the modulation type on header performance when the length-5 MTI codewords are all transmitted in the first burst for the TU3iFH and HT100nFH channels.  A few observations can be made:

· The performance of the MCS 5-6 header is unaffected by the relocation of several code bits for the transmission of the MTI symbols.  The performance of the legacy header and the modified header are identical.

· The signalling of the MTI over a single burst degrades performance in the sense that there is a significant probability that the MTI will be received incorrectly when the header received correctly.  At a header BLER of 10%, the degradation associated with the MTI signalling is 1.8 dB and 1.7 dB for the TU3iFH and HT100nFH channels, respectively.
As a result of the above, it seems that the performance of the MTI signalling is not adequate when confined to a single burst as in Method 1.

Figures 3-6 indicate the impact of the explicit signalling of the modulation type on performance for the TU3iFH, TU3nFH, and HT100nFH channels when the MTI codewords are partitioned into subsets of 3 and 2 symbols which are transmitted in the first and second bursts, respectively.  As above, the degradation associated with MTI signalling is taken as the difference between the probability of the event that the header or the Stealing Flags or the MTI indicator are in error and the probability of the event that the header or the Stealing Flags are in error.  With this measure, the degradation in performance associated with explicit MTI signalling is less than 0.2 dB for a header BLER of 10%.  In evaluating the significance of this small performance degradation, it should be noted that the header BLER is typically much less than the BLER for the data, and as a result, this small degradation is likely insignificant.  
Conclusions

A mixed modulation burst structure was proposed in [1] as an efficient way to enable the legacy mobile stations to read the RED HOT A USF transmission and thus avoid the need for resource segregation.  The use of Stealing Flags to indicate the modulation type as proposed in [1] is likely not acceptable as the Stealing Flags are not fully received until the last burst, and as result, equalization and metric extraction for all bursts would be delayed until the last burst was received.  The associated increase in buffering and latency associated with such a delay would likely not be acceptable.

In this contribution, a method was proposed for explicit signalling of the modulation type over the first two bursts.  With this method, three codewords, each of length 5, are used to signal the modulation type.  The first 3 MTI code symbols are transmitted in the first burst, while the last two code symbols are transmitted in the second.  Simulation results indicate that the impact of MTI signalling on link performance should be no more than a few tenths of a dB, as measured by the increase in Es/N0 required to offset the probability that the MTI is in error when the header and Stealing Flags are correct.  The consequence of this small degradation is likely not significant given that the header is typically encoded such that the header BLER is much less than that for the data portion of the burst.  The primary disadvantage of this method for explicitly signalling the modulation type is that the first burst cannot be equalized until the second burst is received.  Perhaps one-burst delay in the equalization of the first burst only would be found to be acceptable with respect to its impact on the mobile buffering and latency requirements.
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Figure 1.  Placement of the Modulation Type Indicator (MTI) code symbols for Method 1. All 5 code symbols are transmitted in the first burst.
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Figure 2.  Placement of the Modulation Type Indicator (MTI) code symbols for Method 2, with 3 and 2 MTI code symbols transmitted in the first                                 and second bursts, respectively.
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Figure 3.  Performance of modulation type signalling over a single burst                  (Method 1) relative to that of the Stealing Flags and                                                 header for TU3iFH.  All 5 MTI code symbols are                                                    transmitted in the first burst.
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Figure 4.  Performance of modulation type signalling over a single burst                  (Method 1) relative to that of the Stealing Flags and                                                 header for HT100nFH.  All 5 MTI code symbols are                                                    transmitted in the first burst.
[image: image5.jpg]10

TUSIFH, (3 +2) MTI partitioning

10

10

——MTIBLER
(header or SB) BLER
(header or SB or MT) BLER
SB BLER

header BLER

legacy header BLER

il




Figure 5.  Performance of modulation type signalling over two bursts                  (Method 2) relative to that of the Stealing Flags and                                                 header for TU3iFH.  3 and 2 MTI code symbols are                                                 transmitted in the first and second bursts, respectively.
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Figure 6. Performance of modulation type signalling over two bursts                  (Method 2) relative to that of the Stealing Flags and                                                 header for HT100nFH.  3 and 2 MTI code symbols are                                                 transmitted in the first and second bursts, respectively.
[image: image7.jpg]TUSFH, (3 +2) partitioning

10
o'k e S
%
<
<
W
2 ~
0’k < .
——MTIBLER
(header or SB) BLER %
10° (header or SB or MT) BLER
——-SBBLER
— = - header BLER
iy L
5 0 5 0 15

E,/N, (4)

il




Figure 7.  Performance of modulation type signalling over two bursts                  (Method 2) relative to that of the Stealing Flags and                                                 header for TU3nFH.  3 and 2 MTI code symbols are                                                 transmitted in the first and second bursts, respectively.















































































































































