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Introduction

The study item on Long Term Evolution began in November 2004 by 3GPP and since then we have witnessed tremendous amount of activity in 3GPP on Evolved UTRAN (E-UTRAN).

The high level requirements of the Evolved UTRAN were captured in TR 25.913 and the physical aspects of the E-UTRAN can now be found in TR 25.814.  

A number of targets were set in the high level requirements, which are briefly summarised below:

· Downlink User throughput: 2 to 3 times Rel6 HSDPA at CDF of 5% 

· Uplink user throughput: 2 to 3 times Rel6 Enhanced Uplink at CDF of 5%

· Downlink Spectrum Efficiency 3 to 4 times Rel6 HSDPA

· Uplink Spectrum Efficiency 2-3 times Rel6 Enhanced Uplink  

The multiple access scheme finally selected by RAN1 working group are: 

Orthogonal Frequency Division Multiplexing (OFDM) for the Downlink 

Single carrier Frequency Domain Multiple Access (SC-FDMA) for the Uplink 

From an operator’s perspective, the cost effectiveness of the technology selected for providing services to the public is going to be the key issue. In addition to Capex costs, the performance of the network, which governs the type of services an operator can offer, is going to be decisive factor. Operators who have invested heavily on UMTS network and infrastructure need to decide at what point (4x, 6x or 8x spectrum efficiency) changing over to a newer UTRAN would bring significant financial benefit to their business. Therefore in our view, E-UTRAN should be much superior to the current existing technologies, to make future investment viable.

With this contribution we aim to highlight that E-UTRAN performance should be compared with latest advances in WCDMA systems, which has incorporated or will incorporate advanced features such as future evolution of HSPA. . 

Discussion

Simulation results in TR 25.814 highlight performance of E-UTRAN Downlink and Uplink channels for a number of modulation schemes.  Table 1 and Table 2, which are excerpts from 25.814, illustrate the performance of OFDM DL and SC-FDMA UL respectively.  The last column of these tables illustrates the spectral efficiency gain with respect to reference. These references are as follows:

· WCDMA Release-6

· 1 Transmit antenna at the UE

· 2 Receive antennas at the Node B

· Rake receiver

· 2 Receive antennas in the UE

· 5 MHz transmission bandwidth

Results are normalized to bit per second per Hertz.

Throughput figures such as bits/second can be obtained by multiplying the bandwidth by the spectral efficiency figure 

Table 1 OFDM DL results for Full buffer – 10 users per sector

	Case
	Speed

[km/h]
	Reference

WCDMA

Type I
[b/s/Hz]
	OFDM 2 ms TTI

1125 Khz sub-bands

[b/s/Hz]
	OFDM 0.5 ms TTI

1125 KHz sub-bands

[b/s/Hz]
	% w.r.t Reference

	1
	3
	0.988
	1.616
	1.560
	+ 64% (2.0 ms)

+ 58% (0.5 ms)

	2
	30
	0.664
	1.070
	1.260
	+ 61% (2.0 ms)

+ 90% (0.5 ms)

	3
	3
	0.922
	1.526
	-
	+ 66%

	4
	3
	0.938
	1.590
	-
	+ 70%


Table 2 SC-FDMA UL results for Full Buffer 2Rx

	Case
	Speed

[km/h]
	Reference

(WCDMA 2 Rx - MF)
[b/s/Hz]
	(MC-)WCDMA

2 Rx – SIC

[b/s/Hz]
	% w.r.t reference

	1
	3
	0.33
	0.64
	+ 94%

	2
	30
	0.32
	0.72
	+ 125%

	3
	3
	0.32
	0.72
	+ 125%

	4
	3
	0.32
	0.64
	+ 100%


It is interesting to highlight that all comparison are made with respect to WCDMA Rel6 having Type 1 receivers, and type 2 and 3 are omitted from this comparison  

The reason is that in sections 7.1 and 7.2. of 3GPP TR 25.913, Requirements for Evolved UTRA, it is stated that “…assuming Release 6 reference performance is based on a single TX antenna at the Node B with enhanced performance type 1 receiver in UE whilst the E-UTRA may use a maximum of 2 TX antennas at the Node B and 2 RX antennas at the UE”.  

Having witnessed the vast improvements in receiver technologies and features that can now be utilised in HSDPA, such as Type 3 receivers, the above DL throughput and spectral efficiency figures do not fully reflect the benefit of OFDM scheme and consequently the E-UTRAN.

The following HSDPA features either have already been implemented or will be implemented on the UEs in the near future:

· Transmit diversity CLM1 offers further performance enhancement to the HS-DPSCH channel and it is a mandatory feature since Rel99; 

·  All UMTS chipset vendors are working on MMSE or equivalent advanced receiver for all HSDPA UEs.  The feature will be available in a few years in all chipsets.

Therefore, the Evolved-UTRAN throughput and spectral efficiency requirement comparisons with Release 6 must read as follows:

“…assuming Release 6 reference performance is based on a 2 TX antenna at the Node B with enhanced performance type 3 (e.g. Rx diversity + LMMSE) in UE whilst the E-UTRA may use a maximum of 2 TX antennas at the Node B and 2 RX antennas at the UE”.

Way Forward

For operators wishing to deploy E-UTRAN systems and infrastructures in the future it would be most helpful if key performance figures were compared to performance figures of Rel6 features. This way the operator will have a clear idea of the cost and technology benefit (technology delta) of implementing these new systems. 

We therefore propose to modify the text in 3GPP TR 25.913, Requirements for Evolved UTRA.  The throughput and spectral efficiency comparisons with HSDPA/HSDPA+ channels must be performed considering full performance enhancement techniques for HSDPA channels.

Therefore, as stated above, the LTE throughput and spectral efficiency requirement comparisons with Release 6 in section 7.1 and 7.2 of 3GPP TR 25.913, Requirements for Evolved UTRA document must read as follows:

“…assuming Release 6 reference performance is based on a 2 TX antenna at the Node B with enhanced performance type 3 receiver (e.g. Rx diversity and LMMSE) in UE whilst the E-UTRA may use a maximum of 2 TX antennas at the Node B and 2 RX antennas at the UE”. 
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