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Introduction

Within the context of GERAN Evolution, three proposals have been presented for the uplink, Uplink Dual Carrier [1], Dual Symbol Rate [2], and the New Burst Formats [3]. 

These proposals are generally presented and discussed from the perspective of the individual user. The present paper will instead discuss these three proposals from the point of view of the spectral efficiency at the cell level.
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Description of the three UL proposals
The three proposals for the Uplink Evolution are quickly described as follows
· Uplink Dual Carrier: the MS has two transmit chains, and can transmit on two carriers in parallel, i.e. it is in communication with the BTS over two parallel carriers. We assumed that the transmission format and generally the physical layer are the EDGE ones.
· Dual Symbol Rate: the MS doubles the modulation rates, thus doubling the transmission bandwidth. This is handled with one of the following alternatives, which correspond different implementation options: 
· (a) The BTS is upgraded so that the sampling rate corresponds to the new symbol rate, and the number of taps to perform channel estimation is upgraded to twice as many as in EDGE. See Annex A.1
· (b) A pair of legacy transceivers is used, as described in [2] & in Annex A.2
· In this case, the second transceiver is “re-tuned” in correspondence of the DSR timeslots so that it can also receive the DSR signal. 
· To match this receiver implementation option, the transmitter employs a Linearized Gaussian Filter (instead of the RRC filter used in Option a). 
· Information needs to be exchanged between transceivers. 
· However, performance is probably going to be affected in the order of ~2dB by the usage of the Linearized Gaussian Filter, as also already studied in the context of the 16-QAM item. (see [4]).
· (c) A triplet of legacy transceivers is used as described in another “Optional DSR receiver implementation”. 
· In this case, the second and the third transceivers are “re-tuned” in correspondence of the DSR timeslots so that they can also receive the DSR signal. 
· Information needs to be exchanged among the three transceivers

· This implementation option has not been discussed in any 3GPP submission, but it has been discussed on the 3GPP GERAN Working Group 1 reflector (see [5]).

· New Burst Formats: when commanded by the network, the MS employs the new, “aggregated” format
· For example, mobiles being allocate two timeslots do use the new format
· Legacy receivers can cope with the new format in a large variety of cases as showed in [6]. and [7].
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A view from the UL Cell-level perspective
It is interesting to compare the three uplink proposals from the perspective of the spectral efficiency in an ideal loaded cell (i.e. how efficiently the available spectrum is being used, and what is the improvement in such efficiency with the proposed techniques).
What is presented here is of course a qualitative assessment, but nevertheless useful to get a feel of the actual working system when each of the proposed enhancements is employed.
The assumed context is the following

· 3 UL carriers are present

· The cell is fully loaded

· All TRX’s are EGPRS capable (assumed for the sake of clarity: the conceptual conclusions of the paper do not change with this assumption)

· An arbitrary mix of UL allocation has been chosen. For simplicity, no CS slot is present (this does not affect the conclusions of the paper)
The following scenarios have been considered

1) No enhancement: EGPRS used on all timeslots

2) Dual Carrier is used
3) Dual Symbol Rate – option (a) is used
4) Dual Symbol Rate – option (b) is used
5) Dual Symbol Rate – option (c) is used
6) The New Formats are used
Scenario 1: No enhancement: EGPRS used on all timeslots
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Scenario 2: Dual Carrier is used
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Scenario 3: Dual Symbol Rate – option (a) is used
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Scenario 4: Dual Symbol Rate – option (b) is used
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Scenario 5: Dual Symbol Rate – option (c) is used
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Scenario 6: The New Formats are used
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Summary 
The following table sums up what is the gain at the cell level in each of the above scenarios

	
	Timeslot Usage 
Breakdown
	UL Cell 
Spectral Efficiency 
Gain
	Notes

	Scenario 1
(EGPRS)
	EGPRS: 24
	benchmark
	

	Scenario 2
(Dual Carrier)
	EGPRS: 24
	0% 
	

	Scenario 3
(DSR – a)
	DSR: 8
EGPRS: 16
	~33%
	The overall system needs to take into account the different signal waveform (Interference rejection at the receiver, or interference avoidance via RRM/frequency planning)

	Scenario 4
(DSR – b)
	DSR: 8
EGPRS: 8
unused: 8
	~ 0% 
	There is an additional 2dB loss on the link budget

	Scenario 5
(DSR – c)
	DSR: 8
unused: 16
	~33% 
loss
	

	Scenario 6
(New Formats)
	New format: 20
EGPRS: 4
	~17%
	High-speed users might not be able to experience these gain


Table 1: A comparison of GERAN-EV UL Proposals from the point of view of the UL Cell Spectral Efficiency
These results are not surprising, when considering the nature of the proposed enhancements. 

In fact, Uplink Dual Carrier and two out of three implementation option for Dual Symbol Rate do not increase the uplink spectral efficiency, but merely increase the per-user throughput by effectively “taking away” timeslots from other potential users and “giving” them to some designated users (to allow a temporary rate boost, or to allow reception of a new signal). In the case of Uplink Dual Carrier, this is also discussed in [8].
The implementation (a) of Dual Symbol Rate is the best performing one from the spectral efficiency point of view, also because it is the one with the largest impact. Only this implementation option of DSR and the New Burst Formats truly increase the spectral efficiency of the system (in terms on number of data bits transferred per unit of time in a given spectrum allocation). Of course, also DSR Option (a) does not improve the spectral efficiency of the individual link, but the overall system spectral efficiency gain is achieved assuming resilience of the system to the new waveform. 
Similarly, the difference in the respective gain is dependent on the different magnitude of the impacts at the system level. 
At the same time, it is obvious that the gain experienced by each individual user is larger than what indicated in Table 1.
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Conclusions
This paper has discussed the three GERAN Evolution uplink proposals from the point of view of uplink cell spectral efficiency. When taking this perspective, it is interesting to note how no gain is provided in a number of cases (and a loss also occasionally takes place). 

Only the New Burst Formats and one implementation option of Dual Symbol Rate increase the system spectral efficiency, of different amounts and with different levels of system impacts, these two aspects being related.
It is proposed to take this into account in the context of GERAN Evolution. Inclusion in the Feasibility Study can also be discussed.
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Annex A

Extracts from 3GPP TR 45.902 related to DSR Reception

Annex A.1

Extract from 3GPP TR 45.902 Section 9.7.1
====

The BTS receiver is required to have sufficient channel bandwidth and also should have sufficient processing power for double amount of uplink data. The sampling rate should be at least equal to the symbol rate. So DSR is not compatible with all legacy BTS hardware

====

Annex A.2

Extract from 3GPP TR 45.902 Section 9.7.1

====

The secondary BTS transceiver implementation option may be based on the use of pair of legacy transceivers instead of one. This option utilises half band sampling where sampling rate can be half of DSR symbol rate and channel filter half of the BW of DSR i.e. like in EDGE. Indeed it’s possible to share the DSP processing load over 2 transceivers for both equalizing and decoding and utilize Abis links of both transceivers. The main requirement in this option is to have inter-transceiver communication capability, almost similar to inter carrier interleaving, to share samples and detected soft-bits between 2 transceivers and possibility to tune receivers to offset from wanted DSR channel frequency.  The radio performance would be similar to single transceiver option.   
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Figure 113 Optional DSR receiver implementation with pair of transceivers
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