3GPP TSG GERAN #33

Tdoc GP-070370
Seoul, South Korea

Agenda item 7.1.5.4 
February 12-16 2007

Source: Marvell
3GPP TSG GERAN #33

Tdoc GP-070370

Assumptions for RED HOT
1 Introduction
The RED HOT (REduced symbol Duration, Higher Order modulation and Turbo codes) Work Item was approved at GERAN #32 ‎[1]. There is still much work to be done in defining specific details to go into standardization. This requires alignment between contributors on key parameters. This document proposes a number of initial assumptions for physical layer considerations relating to RED HOT.
2 RED HOT Work Item Outline

RED HOT ‎[1] consists of two levels of MS support:

Level A: 16-ary, 32-ary and turbo codes at legacy symbol rate (270.83 kbit/s)
Level B: 16-ary, 32-ary and turbo codes at 1.2x legacy symbol rate (325 kbit/s)
For level B, the transmit pulse shaping is to be determined in order to avoid additional interference in the network.

3 Burst Format

It is assumed that, for Level A of RED HOT, the burst format will remain the same as for EGPRS, except for the substitution for 16-ary or 32-ary symbols according to MCS used.

For Level B, it is desirable to retain the same burst and frame durations as currently exist for GMSK and 8PSK modulation. The total number of symbols must then be 187.5 in order to align with the current burst duration. It is proposed that the format of the burst will be as shown in Table 1.
Table 1: Burst Format for RED HOT Level A & B

	Level A

Number of Symbols
	Level B

Number of Symbols
	Content

	3
	4
	Tail bits

	58
	69
	Payload

	26
	31
	Training Sequence

	58
	69
	Payload

	3
	4
	Tail bits

	8.25
	10.5
	Guard Period

	Total 156.25
	Total 187.5
	


4 Modulation Constellations
A number of different modulation constellations have been examined as potential candidates for higher order modulations ‎[4]

 REF _Ref159105203 \r \h 
‎[5]. It was seen that, although the circular schemes have the potential to reduce peak to average power ratio (PAPR), the un-coded bit error rate may be degraded. It is proposed that we assume square modulation schemes for the 16-ary and 32-ary modulation schemes, at least for the present.
Additionally, as noted in the feasibility study, it is not possible to achieve a perfect Gray code for 32-QAM modulation. Instead, we propose to assume use of a cross modulation scheme as proposed by Vitthaladevuni et al ‎[6]. Proposed modulation constellations are as shown in Figure 1 and Figure 2, with average symbol power assumed normalized to 1.0.
5 Training Sequences

It is proposed to re-use the assumptions adopted in the EDGE feasibility study for the training sequence codes. For 8PSK modulation, use was assumed of two antipodal symbols of the 8PSK constellation, in order to re-use the GMSK training sequences. The difference between the training sequences was then a different rotation between 8PSK symbols than for GMSK.

For 16-QAM and 32QAM constellations, it is proposed to use the symbol pairs {1111, 0011} and {00000,10010} respectively. Further, it is proposed that rotations between symbols are as in Table 2.

Table 2: Rotation Angles for Different Modulation Constellations

	Modulation
	Rotation (rad)

	GMSK
	π/2

	8PSK
	3π/8

	16QAM
	π/4

	32QAM
	-π/4
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Figure 1: 16 QAM Constellation
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Figure 2: 32 QAM Cross Constellation
6 Modulation and Coding Schemes
6.1 RLC/MAC Header

Turbo coding does not perform well with extremely short blocks, and may degrade performance compared to convolutional codes. It is assumed that convolutional coding will be used for the RLC/MAC header. If possible, the existing mother code used for EGPRS RLC/MAC headers should be re-used. The determining criterion will be that the RLC/MAC header error rate has a negligible contribution to overall payload block error rate, or degradation of throughput.

It is assumed that 8 CRC bits will be used, re-using that from EGPRS.
6.2 USF Encoding

The uplink state flag (USF) data will be encoded separately from the remainder of the data. The USF symbol mapping should ideally be consistent between different MCSs for a given modulation.
6.3 Modulation and Coding Schemes

It is assumed that the new modulation and coding schemes will be consistent with the family partitioning defined for EGPRS - that is, payloads will be multiples of 28, 34 and 37 octets.
It was shown in ‎[3] that MCSs using Turbo coding benefit substantially from encoding as long (single) blocks. It is assumed that this property will as far as possible be utilized.
It is assumed that 12 CRC bits will be used, re-using that from EGPRS.

7 Turbo Code Puncturing and Incremental Redundancy

It is assumed that the puncturing schemes will follow the rate matching algorithms defined in ‎[7]. A number of puncturing schemes will need to be defined in order to implement incremental redundancy. For the case of link adaptation, it is assumed that Incremental Redundancy may occur for a given BSN during modulation change.
8 Conclusion
The RED HOT Work Item was approved at GERAN#32. During the feasibility study, a variety of options were considered as potential candidates for inclusion into the standard. In this document, we have proposed an initial set of common assumptions to be used for simulation work, in order to allow convergence to selected schemes as quickly as possible.
9 References
[1] GP-062488, “New WID on reduced symbol duration, higher order modulation and turbo coding (RED HOT) for downlink”, source Ericsson, Marvell et al
[2] GP-062209, “Blind Modulation Detection Performance for HOT,” source Intel

[3] GP-061242, “Comparison of Different Coding Configurations for Higher Order Modulation and Turbo Coding Schemes,” source Intel
[4] GP-061171, “On Modified 16-ary Constellations for Higher Order Modulation and Turbo Coding Schemes,” source Intel
[5] GP-061591, “Higher Order Modulation and Turbo Codes - Higher HOM,” source Intel
[6] Vitthaladevuni, P.K.; Alouini, M.-S.; Kieffer, J.C, “Exact BER Computation for Cross QAM Modulations,” IEEE Transactions on Wireless Communications, pp 3039-3050, vol 4, Issue 6, Nov 2005
[7] 3GPP TS 25.212, “Multiplexing and Channel Coding (FDD)”
1(5)
4(5)

