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Proposed way forward for RED HOT and HUGE
1 Introduction

There are several outstanding questions in the design of RED HOT and HUGE to which different solutions have been proposed and discussed at several telephone conferences but no conclusions have been reached. The specification work is clearly behind schedule and there is a risk that RED HOT and HUGE will not be finished in time for release 7. The opinion of the sourcing companies of this contribution is that a postponement of these features to release 8 must be avoided.

Therefore, a way forward is proposed in this contribution. The emphasis is on simplicity whilst still assuring a technically sound solution with good performance for RED HOT and HUGE, both at legacy symbol rate and at high symbol rate.
2 Discussion
In this section, open issues are listed and solutions are proposed.

2.1 Levels and turbo coding option for HUGE C

The levels of HUGE are described in the WID ‎[1] as follows:

A.
16-ary modulation with 271 (legacy) ksymbols/s symbol rate 

B.
16-ary modulation with 325 ksymbols/s symbol rate 

C.
32-ary modulation with 325 ksymbols/s symbol rate, and possibly turbo coding (see Note)

The use of turbo codes is left for further study, according to the following note in the WID:
Turbo coding will be included if the achievable gains (already shown by simulations) justify the cost of its introduction.

Whether the complexity or turbo decoding is justified or not has been debated for a long time without reaching any agreement but it is clear that a hardware upgrade is necessary for many network vendors to implement a turbo decoder.

Further, there are different opinions on how to interpret the WID regarding the applicability of turbo codes (only for 32QAM versus for all modulations).

Considering the above, it is proposed to remove the turbo coding option from HUGE. Further, since that change makes level B and level C quite similar, it is proposed to merge level B and C.

The proposed levels of HUGE are thus as follows (with QPSK modulation included for high symbol rate, which is already an agreed working assumption by the telephone conference group, and GMSK+8PSK modulation (EGPRS MCSs) included for legacy symbol rate, which is considered obvious):

A.
GMSK, 8PSK and 16QAM modulation with 271 (legacy) ksymbols/s symbol rate
B.
QPSK, 16QAM and 32QAM modulation with 325 ksymbols/s symbol rate
2.2 Mixed modulation bursts for RED HOT A
A new burst format, having different modulations in different parts of the burst, has been proposed ‎[2]. The intention with this burst format is to allow legacy EGPRS MS to read the USF of a RED HOT A block.

However, it has been pointed out that some legacy EGPRS MS implementations may not be able to read the USF in such a burst, since no requirement in the standard guarantees this.
Therefore, it is proposed that regular bursts (i.e., burst having the same modulation throughout the burst) are used also for RED HOT A.
2.3 Blind modulation detection

A new modulation detection method, based on cyclic training sequences, has been proposed for higher symbol rate blocks ‎[3]. In addition, it has been proposed ‎[4] to reuse the rotation-based modulation detection method used in EGPRS.
The new modulation detection method is expected to have similar performance to the legacy method but may provide a reduction in complexity. However, since the new method is untested while the legacy one is proved to work, there is a risk in using the new method.

Further, the MS is required to use the legacy modulation detection method for EGPRS, RED HOT A and RED HOT B when reading USF in legacy symbol rate radio blocks. Thus, the addition of a second method requires implementation of new algorithms in parallel to the old ones. Recall that a RED HOT B MS has to discriminate between seven modulation/symbol rate combinations. Four of these use legacy symbol rate, legacy training sequences and consequently legacy (rotation based) blind detection. Therefore the overall complexity reduction from the cyclic method is limited and requires that a hybrid method is used.
Thus, it is proposed that conventional modulation detection based on different rotation angles of the signal constellation is used for RED HOT and HUGE.
2.4 MCS design principles
Different sets of MCSs for RED HOT and HUGE have been proposed in various contributions. No detailed design proposal is given in this contribution but some particular guidelines are proposed.
2.4.1 Peak data rates

From the investigations so far it is clear that the peak data rate of RED HOT A and RED HOT B will be in the order of ~100 kbps/timeslot and ~120 kbps/timeslot, respectively, when a sufficient number of bits have been reserved for stealing flags, USF, RLC/MAC header and PAN (Piggy-backed Ack/Nack). The corresponding values for HUGE A and HUGE B (levels according to the proposal in section ‎2.1) are ~80 kbps/timeslot and ~120 kbps/timeslot, respectively.
One target of the MCS design should be to reach these data rates for the highest MCS of each level of RED HOT and HUGE.
For RED HOT A, it is difficult to design an MCS with a bit rate of ~100 kbps using only the current basic payload sizes. E.g., payload sizes of 4x56 octets and 3x74 octets both give bit rates of less than 90 kbps, while e.g. a payload size of 4x68 octets gives a bit rate of almost 110 kbps. A solution using a “mixed family” MCS with 2x68+2x56 octets has been proposed but this solution has drawbacks since it may complicate the scheduling of retransmissions. In addition, it shall be taken care that a PAN field can be inserted into all new MCSs that will be defined for RED HOT and HUGE. It is unlikely that a PAN fits into the new “mixed family” MCS as depicted above. Another solution has also been proposed using a new basic payload size of 80 octets. The latter option is expected to have enough overhead to fit a PAN, hence it is preferred.
Therefore, it is proposed to introduce a new basic payload size of ~80 octets for RED HOT A.
All MCSs for RED HOT and HUGE should be designed so that PAN inclusion is possible.
2.4.2 Turbo code principles for RED HOT
Another open issue is how turbo coding is performed. In one contribution ‎[5] it is proposed to encode the entire data payload as one code block (i.e., a radio block always contains one RLC data block). This gives some link performance benefits but unfortunately, there are also a number of drawbacks.
· When fallback to an MCS with lower modulation order is needed for an IR retransmission, new puncturing patterns are needed, different from the ones used for first transmissions using the lower MCS. Thus, a large number of puncturing patterns are needed.

· Using a higher MCS in an IR retransmission than in the first transmission is not straight-forward.
· When link adaptation mode is used, blocks will be split into several parts in case a retransmission with a lower MCS is necessary. This complicates the ACK/NACK reporting since each part will not have its own RLC sequence number. Instead, the RLC block cannot be acknowledged until all parts are correctly received. This will cause unnecessary retransmissions, degrade performance and increase latency.
Therefore, it is proposed that high bit rate MCSs have several (up to 4) separate RLC data blocks per radio block and that each RLC data block is turbo encoded independently.
2.5 USF decoding

When RED HOT MS are multiplexed on the same radio resources, it is beneficial if there are as few limitations as possible regarding USF decoding. In particular, if a RED HOT B radio block is sent, it is advantageous if a RED HOT A MS can read the USF in that block.
It is proposed that if a feasible solution to this problem can be found, RED HOT A MS should be required to be able to decode the USF in a RED HOT B block. The additional complexity for the RED HOT A MS should be reasonably small. In particular, the RED HOT A MS receiver shall not be required to use a higher sampling rate than what is required to receive blocks at legacy symbol rate.
3 Conclusion
Solutions to some open issues have been proposed that allow a simple yet efficient design of RED HOT A and HUGE that is possible to finalise within the release 7 timeframe. They are as follows:
· Levels for HUGE A without turbo codes:

A.
GMSK, 8PSK and 16QAM modulation with 271 (legacy) ksymbols/s symbol rate
B.
QPSK, 16QAM and 32QAM modulation with 325 ksymbols/s symbol rate
· Regular bursts (i.e., burst having the same modulation throughout the burst) are used
· Conventional modulation detection based on different rotation angles of the signal constellation is used
· The MCSs for RED HOT A and RED HOT B will be designed to reach peak data rates of ~100 kbps/timeslot and ~120 kbps/timeslot, respectively.

· The MCSs for HUGE A and HUGE B will be designed to reach a peak data rates of ~80 kbps/timeslot and ~120 kbps/timeslot, respectively.

· A new basic payload size of ~80 octets is introduced for RED HOT A.
· All MCSs for RED HOT and HUGE should be designed so that PAN inclusion is possible.

· High bit rate MCSs have several (up to 4) separate RLC data blocks per radio block and for RED HOT, each RLC data block is turbo encoded independently.
· If a feasible solution can be found, RED HOT A MS should be required to be able to decode the USF in a RED HOT B block. The impact on the RED HOT A MS must be reasonably low. In particular, the RED HOT A MS receiver shall not be required to use a higher sampling rate that what is required to receive blocks at legacy symbol rate.
It is proposed that these be taken as working assumptions in the specification of RED HOT and HUGE.
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