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1. Introduction

In this document a definition of the data spectrum efficiency gain is discussed in order to align data spectrum efficiency gains presented in different contributions.  Given performance objective in [1] for spectral efficiency is denoted as [kbps/MHz/cell] with a target value of 50%. Other definition for spectral efficiency may need a different target value to be comparable. Thus, the definition given in objectives should be applied in performance evaluations.  Indeed impact to legacy voice and packet services should be considered e.g. voice blocking, quality and segregation losses.
In this document, spectral efficiency gain of 16QAM with turbo coding is estimated in terms of [kbps/MHz/cell] and possible segregation losses with EGPRS are considered.

2. spectrum efficiency 

In [2] it was suggested that the combination of turbo codes and 16QAM increases the spectrum efficiency up to 87% (reuse 3/9 with frequency hopping). However, presented SE gains have been defined by comparing the users with worst radio quality (10th percentile) and defining offered load values for which certain bit-rate criteria (60 kbps) was fulfilled. On the other hand that method does not provide a measure according to the objectives in [1]. 

The spectral efficiency gain for combined 16QAM and TC was estimated based on given data for 50% percentile in [2], which is expected to be about similar with average gain. The cell throughput as a function of offered load was estimated:
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The average number of reserved time slots was estimated:


[image: image2.wmf]bitrate

session

average

throughput

cell

slots

reserved

of

number

_

_

_

4

_

_

_

´

=


Then cell throughput versus number of reserved timeslot was plotted in Figure 1 and Figure 2. Assuming fixed number of data timeslots per cell e.g. to avoid increase in voice blocking the spectral efficiency can be defined similar way as in [3]. Now, when looking at e.g. 20 timeslots data load simulation point in reuse 1/3 FH scenario EGPRS achieved 79 kbps/MHz/cell and 16QAM combined with turbo 93 kbps/MHz/cell, that is 18% gain for 16QAM combined with turbo (in [2] 42% SE gain was proposed). SE gains for 1/3 nFH, 3/9 FH and 3/9 nFH cases are (20 TS data load for 1/3 and 8 TS load for 3/9): 16%, 24% and 17%. (Note that in [2] proposed gains were: 44%, 87% and 82%, respectively).
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Figure 1 Spectral efficiency vs. cell load at reuse 1/3 with and without FH
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Figure 2 Spectral efficiency vs. cell load at reuse 3/9 with and without FH

Thus with 1/3 re-use the spectral efficiency is higher than with 3/9 re-use and should be used as a reference.

3. Segregation losses

Legacy EGPRS MS can not decode 16QAM modulated USFs, thus uplink throughput may be degraded in a case of partial 16QAM penetration. The throughput gain versus 16QAM penetration was estimated for both uplink and downlink for the following cases:

· Dynamic allocation for EGPRS and 16QAM

· Dynamic allocation for EGPRS and 16QAM using granularity 4

· Timeslot segregation for EGPRS and 16QAM

10% TBF blocking was assumed and total number of available radio time slots was 16. Maximum cell throughput gain for 16QAM and turbo coding was assumed to be 18%. Results are depicted in Figure 3.

[image: image5.emf]Throughput gain versus 16QAM penetration

-20%

-15%

-10%

-5%

0%

5%

10%

15%

20%

0% 20% 40% 60% 80% 100%

Penetration

Gain

DL (Shared)

UL (Shared)

DL (Segregated)

UL (Segregated)

DL (Granularity-4)

UL (Granularity-4)


Figure 3 Throughput gain versus 16QAM penetration

As a result, in order to achieve 10% gain in UL by 16QAM at least 80% penetration is needed with granularity-4 or 93% penetration with normal granularity. On the other hand use of granularity-4 may introduce some amount of jitter or latency, not included to results. 

4. conclusion

By using the spectrum efficiency definition given in performance objectives for evolution for 16QAM combined with turbo coding, the gain seems to be less than 20% for the interference limited networks. 

Due to segregation losses, a high (80%) penetration of 16QAM terminals is required to achieve 10% gain in uplink. 

In order to have comparable results for different concepts it is proposed that a measurement relative to kbps/MHz/cell is used for data spectral efficiency definition, by considering simultaneously impact to legacy voice and packet services e.g. voice quality and segregation losses. Furthermore, it should be noted that both capacity and coverage should be analyzed, since performance in real networks is limited by both of them and typically worst of them. 

It is proposed that these findings be included in the Feasibility Study.
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