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1
Introduction

This contribution proposes some edits, adjustments and corrections to Section 11 of 3GPP TR 45.902. 
The reasons for those are the following

· Better reflect that the proposal in this Section is to be considered for the uplink

· Removal of incorrect simulations results

· Introduction of placeholders for additional simulation results to be presented at this same GERAN1 meeting
Edits to Section 11 of TR 45.902

11
New burst structures and new slot formats
11.1

Introduction

This section describes a candidate enhancement (mainly for the uplink) based on the definition of a new set of transmission bursts deriving from the aggregation of timeslots at Layer 1. The aggregation relies on the removal of guard times and training sequences from a subset of bursts within a multislot allocation. 

The new formats are therefore particularly suited for transmission on PS dedicated channels (uplink and downlink)
, or in the uplink, and are also applicable on downlink shared channels.
11.2     Concept description

The idea articulates in two fundamental components: removal of training sequences and removal of guard times. The combination of these two aspects generates the new burst format.

Within a multislot allocation of n slots, the first component consists in the removal of training sequences from all slots except one. For example, in a 3-slot allocation, the TSC could be retained in the second slot, and disappear in the first and in the third. Similarly, the idea includes the removal of the stealing flags whenever the training sequence is removed, by operating under the assumption that the one remaining stealing flag will apply also to the other slots. 

Further, extra room can be gained within a multislot allocation of n slots by allowing for data transmission also in the guard period, when the guard period falls within two timeslots allocated to the same user. In principle this would mean that the receiver would only ramp up before slot 1 and ramp down at the end of slot n. No further ramps would be present. 

This would also allow for the removal of the tail bits wherever ramp up’s and down’s are removed. It is also interesting to note that, in the existing specification, there are no ramping requirements for base stations

When the two aforementioned principles (removal of TSC and removal guard times) are combined, a new slot format for Evolved GERAN can be defined. The new slot format 

1) Comes from the aggregation of the slots of a multislot allocation (i.e. from the removal of intermediate ramp up’s and down’s). 

2) Further, it contains only one training sequence, while the rest of the slot is an uninterrupted stream of data. 

Obviously, one would define as many new slot formats as possible aggregations. Thus, assuming aggregations of 2, 3, and 4 timeslots are possible, three new slot formats would be defined. The following pictures illustrate the principle for a 2-slot aggregation and a 3-slot aggregation
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Figure 1. Proposed new slot format for evolved EDGE for a 2-slot aggregation
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Figure 2. Proposed new slot format for evolved EDGE for a 3-slot aggregation 
(note: picture is not to scale w.r.t. Figure 1)

The introduction of a new, larger, slot format, allows for some additional gain at Layer 2. In fact, it would now be possible to define larger radio blocks following a principle conceptually very similar to the Layer 1 timeslot aggregation. The radio blocks would still span four TDMA frames, but would now consist of four “aggregated” slots, instead of four ordinary slots.  This would allow them to carry a larger proportion of data with respect to the header, since there would be no need for a RLC/MAC header in every single slot. Multiple RLC/MAC blocks could be multiplexed in one radio block, following the same principle already existent for MCS7-9. This is further discussed in Section 11.3. 
Figure 3 illustrates the principle for a 2-slot allocation.
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Figure 3. RLC/MAC level corresponding to a 2-slot aggregation
In the downlink, the removal of the RLC/MAC header from certain timeslots would include the removal of the USF, and therefore a reduction of scheduling opportunities in the uplink, since no USF scheduling of legacy mobiles can take place in correspondence of the aggregated timeslots.  . In the downlink a similar observation as for the USF does apply for the RRBP scheduling. The packetization of retransmitted packets will have to be investigated for the case where the aggregation format changes from the first transmission to the retransmission.
In the uplink, there is nor USF neither RRBP. Thus, the drawbacks identified above do not exist. The new burst formats can be used in the uplink whenever at least two or more adjacent timeslots are allocated to a mobile station. 

11.3     RLC/MAC Aspects

[ NOTE: Discuss insertion of material from GP-060640]

11.4     Performance Characterization

11.4.1
Performance calculations

For a two timeslot allocation the gain of the new slot format (consisting of removal of guard times and TSC) measured at L1 would be 18.53 %. Within a n-timeslot allocation the gain would therefore be proportional to n, as illustrated by the following table

	Allocated Timeslots
	Symbols in new slot format
	Gain

	2
	270.25
	18.53 %

	3
	426.5
	24.7 %

	4
	582.75
	27.8 %



Table 1. Bandwidth gain of the new slot format

It is worth noting that the above-mentioned gain merely include the additional L1 bandwidth. It does not include the fact that the additional bandwidth could be exploited e.g. for better coding. In fact, while tail-biting convolutional coding with Viterbi decoding is optimal for small block sizes (up to 150 bits), other coding schemes, such as turbo codes or hyper-codes, outperform TB-convolutional for blocks larger than 150 bits. Further, we note that the power employed in correspondence of each timeslot is obviously increased, since more bits are transmitted (e.g. in correspondence of guard times). However, the transmitted energy per bit remains unchanged.
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11.4.2

Link Level Simulations

11.4.2.1 
GMSK Modulated Channels with legacy equalizers
[ NOTE: Discuss insertion of material from GP-060636]

11.4.2.2 
8PSK Modulated Channels with legacy equalizers
[ NOTE: Discuss insertion of material from GP-060637]

11.4.2.3 
8PSK Modulated Channels with advanced simulation settings
[ NOTE: Discuss insertion of material from GP-060638]

11.4.2.4 
8PSK Modulated Channels with an alternative equalizer
[ NOTE: Discuss insertion of material from GP-060639]
11.4.2.5 
Discussion of interference limited scenarios

Interference Limited scenarios can be relevant to an evaluation of the new formats from two points of view

First, the SINR could change within one aggregated slot in those scenarios where the interference conditions change on a per-timeslot basis. This effect has been studied to a certain extent in 11.4.2.3.
Secondly, some interference cancellation implementation at the receiver (in the uplink) would have to cope with the removal of some of the training sequences within an aggregated format. This effect is difficult to study since uplink interference cancellation techniques are proprietary and no details or performance requirements are available for it. The only reference of some relevance is DARP, i.e. downlink interference cancellation. It is therefore interesting to notice how DARP performance is tested in scenarios where the training sequence is removed, thus de-facto assuming that the interference cancellation algorithm will not, at least to achieve the required performance, rely on the TSC. 

11.5     Additional technical aspects
11.5.1
Influence of TSC Position
11.5.1.1
New slot formats in simulation
In modern mobile communication, coherent time 
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 of the wireless channel is defined as [1] 
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 is the wave-length of carrier,
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 is the velocity of mobile terminal and 
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 is the maximum Doppler frequency. At 250km/h, 
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 is about 2.03ms for 900MHz GSM system, a little shorter than the time duration of 4 legacy slots.  So the maximum number of legacy slots we used in the new slot aggregation is 4 because the RA250 is the fastest fading channel in our simulation.

According to the rule of aggregation and the maximum number of slots, we use three new slot formats in the simulation, aggregation of two slots, three slots and four slots. As the current rule of aggregation, the position of TSC in the new slot is relatively not changed, and just remains in one of the legacy slots in the aggregation, referring to Figure 1-3 (a) (a little difference from the slot format in Error! Reference source not found. on the guard period). In the new slot format we will find the lengths of data block before the TSC and data block following the TSC are not equal, and will induce the unbalance of channel estimation or channel tracking for the two data blocks. Furthermore, the unbalance will lead to demodulation and block error performance losses. 

In order to evaluate the performance degradation, two types of new slot format are used in the simulation. One is that TSC remains in the first slot, denoted by Type A; another is that the TSC located at the middle of the new slot, denoted by Type B. Figure 1 to Figure 3 show the details. As we know, the channel tracking makes the receiver more robust to the channel fluctuation and may influence the decision for the TSC position scheme. We include the LMS channel tracking in Viterbi algorithm [3] in our simulations to discuss this effect.

For the simulation convenience, the 0.25
[image: image10.wmf]´

n
 symbols of guard period form n legacy slots are moved into the new guard period in the new slot. For instance, the guard period in the aggregation of two slots is 8.5 symbols and the guard period in the aggregation of three slots is 8.75 symbols.
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Figure 1.  Aggregation of two slots
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Figure 2. Aggregation of three slots
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Figure 3. Aggregation of four slots
11.5.1.2
Simulation Results

In the following, the simulation results are presented to show the influence of the TSC position in the new slot on the link performance. 
In the simulation, both GMSK and 8PSK modulation are applied. The wireless channel model used in the simulation is TU50, HT100 and RA250, which defined in [2]. Figure 4 to Figure 21 are the simulation results and the meaning of labels in the legend are listed as follow, 

	Type
	Description

	Type_A_ChTrac
	TSC in the first slot and receiver with channel tracking

	Type_B_ChTrac
	TSC in the middle of new slot and receiver with channel tracking

	Type_A_NoChTrac
	TSC in the first slot and receiver without channel tracking

	Type_B_NoChTrac
	TSC in the middle of new slot and receiver without channel tracing


Table 1.  Description of curve
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Figure 4. BER of GMSK modulated new slot aggregation of two slots , TU50
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Figure 5. BER of GMSK modulated new slot aggregation of three slots, TU50
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Figure 6. BER of GMSK modulated new slot aggregation of four slots, TU50
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Figure 7. BER of GMSK modulated new slot aggregation of two slots, HT100
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Figure 8. BER of GMSK modulated new slot aggregation of three slots, HT100
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Figure 9. BER of GMSK modulated new slot aggregation of four slots, HT100
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Figure 10. BER of GMSK modulated new slot aggregation of two slots, RA250
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Figure 11. BER of GMSK modulated new slot aggregation of three slots, RA250
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Figure 12. BER of GMSK modulated new slot aggregation of four slots, RA250
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Figure 13. BER of 8PSK modulated new slot aggregation of two slots, TU50
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Figure 14. BER of 8PSK modulated new slot aggregation of three slots, TU50
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Figure 15. BER of 8PSK modulated new slot aggregation of four slots, TU50
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Figure 16. BER of 8PSK modulated new slot aggregation of two slots, HT100
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Figure 17. BER of 8PSK modulated new slot aggregation of three slots, HT100
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Figure 18. BER of 8PSK modulated new slot aggregation of four slots, HT100
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Figure 19. BER of 8PSK modulated new slot aggregation of two slots, RA250
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Figure 20. BER of 8PSK modulated new slot aggregation of three slots, RA250
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Figure 21. BER of 8PSK modulated new slot aggregation of four slots, RA250


For convenience of compare, when the TSC is located in the middle of the new slot, the performance gains at BER level of 7% for GMSK are summarised in the table 2.

	Channel

type
	Aggregation of two slot
	Aggregation of three slot
	Aggregation of four slot

	
	ChTrac
	NoChTrac
	ChTrac
	NoChTrac
	ChTrac
	NoChTrac

	TU50
	0.0
	0.1
	0.1
	0.2
	0.2
	0.5

	HT100
	0.1
	0.3
	0.5
	1.5
	1.2
	>3

	RA250
	0.7
	1.5
	2.0
	>3
	>3
	>3


Table 2.   Performance gain (dB) at the BER level of 7%, GMSK
It’s obvious that receiver gets better performance when the TSC is located in middle of the new slot, especially under faster fading channel, such as RA250; for instance, at the BER level of 10% for GMSK modulation, aggregation of four slots and receiver with channel tracking, the performance gain is about 3dB under RA250 (Figure 12), while 1.0dB under HT100 (Figure 9). More instances can be seen in table 2. This phenomenon can be explained by following description. If the TSC is always located in the first slot, the lengths of data block before and behind the TSC are not equal, and the estimation error variance of the channel estimation for the two blocks is not equal. This will lead to the overall performance degradation of the receiver. While the TSC is located in the middle of new slot, the channel estimation for the two blocks is balanced. The fading in RA250 is faster than that in HT100. To the same new slot in which the TSC is located in the first slot, the unbalance of channel estimation in RA250 is more serious, and more improvement can be obtained by putting the TSC in the middle position of new slot. 
At the same time, the performance gain is sensitive to the number of legacy slots in the new slot aggregation. The more legacy slots in the aggregation, the more gain will be obtained. For instance, at the 10% BER for 8PSK modulation under HT100, the gain is 1.7dB (Figure 18) for aggregation of four slots and only 0.8dB (Figure 17) for aggregation of three slots, 0.1dB for aggregation of two slots. And the statistical data in table 2 shows the gain’s trend more clearly. To the new slot aggregation in which the TSC located in the first slot, the more slots used in new slot aggregation, the larger difference between the length of the two data blocks, and the more unbalance induced in channel estimation for two data blocks.
The simulation results also show that when the equalization receiver without channel tracking, the BER performance is more sensitive to the position of TSC in the new slot. Although the time duration of new slot in the simulations is shorter than the coherent time
[image: image32.wmf]c
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, fading over the time duration is changing slowly. If the equalization does not track the slowly changing channel, the mismatch of channel estimation will be raised as the equalization processes. Hence, the BER unbalance of the receiver without channel tracking is more serious than that of receiver with channel tracking.
For real application, we may have more interest on the performance gain of   8PSK modulated new slot aggregation of two slots. At the BER level of 2% under TU50, the performance gain is 0.3dB for receiver with channel tracking, and 1.0dB for receiver without channel tracking (Figure 13). More gains can be obtained under HT100 and RA250, refer to Figure 16 and Figure 19.
11.5.1.3
Conclusion

It is shown that the receiver performance can get significant improvement if the TSC is located in the middle of the new slot under fast fading channel, whether the equalization receiver employs channel tracking or not, and the gain increases with the order of modulation.
The TSC position in the new slot format not only has influence on equalization performance in the noise-limited environment, but also has an effect on IRC performance in the interference-limited environment. The influence of the TSC position on IRC performance should be investigated in the future.
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Editor’s note:evaluation should consider

· channel profiles more suited to higher velocities (e.g. HT100 & RA250) and frequency bands more sensitive to Doppler effects

· different interference conditions existing in each timeslot

· BLER performance

Clarification needed on impairments modelled


	

	

	

	


	

	





	
	
	

	
	
	

	
	
	

	
	
	



\



11.6 Impacts to the Mobile Station 

From the point of view of the transmitter, implementation aspects may be simplified by the usage of the 157/156/156/156 transmission option, as referenced in Section 5.7 of 3GPP TS 45.010
, as this would remove the complication introduced by the 0.25 bit.

From the point of view of the receiver, the removal of the TSC will require enhanced receiver and equalization capabilities (for example channel tracking equalization). Resilience to higher Doppler and phase rotation will have to be investigated in particular for the high-speed case.

In an interference-limited scenario, the interference profile is likely to change within an aggregated timeslot (which would be subject to the interference from multiple independent bursts). This is not different from what interference cancellation algorithms (e.g. SAIC) already have to cope with today at the timeslot level in an asynchronous network. In general, we note that receiver capabilities in the mobile station have improved largely with DARP Phase 1.

From the point of view of the protocol stack on the transmission side, the proposal introduces some dependencies between the MAC layer and the RLC layer, as the RLC has to be aware of the ongoing timeslot aggregation.

11.7 Impacts to the BSS

From the point of view of transmission and reception, the impact is the same as in Section 11.6
Further, the BSS has to be able to handle received timeslots in a joint manner.
11.8 Impacts to the Core Network

The core network impact is minimal, e.g. indication of feature support.

11.9 Impacts to the Specification

A preliminary assessment of impacted specification follows. A more complete assessment can be done depending on whether the full set, or a subset, of components is pursued

Table 3: Impacted 3GPP specifications

	Specification
	Description

	43.064
	Overall description of the GPRS radio interface

	45.001
	Physical Layer on the radio path: general description

	45.002
	Multiplexing and multiple access on the radio path

	45.003
	Channel Coding

	45.005
	Radio transmission and reception

	44.018
	Radio Resource Control (RRC) protocol

	44.060
	Radio Link Control/Medium Access Control (RLC/MAC) protocol

	24.008
	Mobile radio interface Layer 3 specification; Core network protocols; Stage 3 (Release 7)

	51.010
	Mobile Station (MS) conformance specification


11.10 References
[1] T. S. Rappaport, Wireless Communications: Principles and Practice, Second Edition, Prentice Hall PTR, 2002.

[2] 3GPP Organizational Partners, “Radio transmission and reception”, TS 05.05 V8.10.0, 2001/06.
[3] R. Raheli, A. Polydoros and C. Tzou, “Per-survivor processing: a general approach to MLSE in uncertain environments”, IEEE Trans. Commun., vol. 43, No. 2/3/4, pp. 354-364, Feb./Mar./Apr. 1995.














































































































































































� PS dedicated channels are not defined in the Release 6 version of the specification, but a Work Item for their definition is currently open


� 3GPP TS 05.02 Section 5.2.8: “The guard period is provided because it is required for the MSs that transmission be attenuated for the period between bursts with the necessary ramp up and down occurring during the guard periods as defined in 3GPP TS 05.05. A base transceiver station is not required to have a capability to ramp down and up between adjacent bursts”





� Performance figures will have to be verified with respect to the identified issues (e.g. high speed case)


� Performance figures will have to be verified with respect to the identified issues (e.g. high speed case)


� The new slot is the aggregation of n legacy slots; n may equals 2, 3, 4 or more.


� “Optionally, the BTS may use a timeslot length of 157 symbol periods on timeslots with TN = 0 and 4, and 156 symbol periods on timeslots with TN = 1, 2, 3, 5, 6, 7, rather than 156,25 symbol periods on all timeslots”
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