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1. Introduction

The 3GPP RAN workshop on Long Term Evolution (LTE) [1] reached initial agreement on outline RAN performance targets for the Enhanced UTRA (EUTRA) system concept. These were captured in the subsequently agreed Study Item objectives [2].

In what follows, further observations are offered on RAN performance targets in areas such as peak data rate, spectral efficiency and coverage. Specific language is proposed for inclusion in the EUTRA Requirements Technical Report (TR) with the goal of further clarifying the goals of the EUTRA Study Item work.

2. Peak Data Rates

The SI currently states that EUTRA should support “significantly increased peak data rate[s] e.g. 100 Mbps (downlink) and 50 Mbps (uplink)”. 

It is desirable to specify some form of target peak data rate for each supported bandwidth mode, since the supported peak link data rate is an important factor in establishing a) the user experience in unloaded network operation, and b) the foundations of UE capability requirements. The supported peak link data rate also sets an important EUTRA design limitation when determining achievable network capacity and user session throughput.
One approach to specifying a peak link data rate target is to determine peak link spectral efficiency values based on a reference UE capability, and then apply the resulting spectral efficiency value to each supported bandwidth mode. In more detail, if the supported information bit rate is 
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 and the occupied bandwidth is 
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, the peak link spectral efficiency 
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 (bps/Hz) can be expressed as
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where 
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 is the ratio of the occupied channel bandwidth to the mean rate of delivery of useful data-bearing QAM symbols (i.e. control and data channels are taken into account).
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 is the code rate, 
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 is the number of spatial sub-channels in a MIMO scheme (and hence, practically speaking, the number of UE antennas if the base station supports at least the same number of antennas), and 
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 is the number of bits per QAM symbol. Assuming a maximum code rate of 
[image: image9.wmf]6

5

=

R

 and 
[image: image10.wmf]3

1

1

=

b

, the peak link spectral efficiency is then given by 
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Depending on the achievable UE implementation SNR identified in the course of the EUTRA Study Item, the range of values of 
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 (i.e. number of bits per QAM symbol) applicable to the downlink might be expected to maximally span 
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, while the range of 
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 applicable to the uplink could maximally span 
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.  Similarly, the range of 
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 (i.e. number of UE antennas, assuming at least the same antenna provisioning at the base station) potentially applicable to the downlink could be in the range 
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, where critically 
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 would likely depend on the UE capability. In the uplink, for portable devices, 
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 would likely cover at the very most the range 
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 would need to be carefully assessed as part of the EUTRA Study Item work.
Given this range of possible values for 
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, a possible reference UE capability for the purposes of specifying a  performance target could be:
a) Downlink capability – 2 receive antennas (
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) with support for 16-QAM (
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b) Uplink capability – 1 transmit antenna (
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) with support for 16-QAM (
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The resulting downlink reference peak link spectral efficiency is then 
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, and the uplink peak link spectral efficiency is 
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. These values result in the peak link data rate requirements of Table 2.
	Bandwidth Mode 
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 (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	Target DL Peak Link Rate (Mbps)
	6.25
	12.5
	25
	50
	75
	100

	Target UL Peak Link Rate (Mbps)
	3.125
	6.25
	12.5
	25
	37.5
	50


Table 2 – Target DL and UL peak link data rates vs. bandwidth mode
2.1.1. Text Proposal

EUTRA should support significantly increased peak data rates e.g. 100 Mbps (downlink) and 50 Mbps (uplink). The supported peak data peak rate should scale according to the UE capability, which may specify support for parameters such as bandwidth mode, number of transmit and receive antennas (and hence spatial sub-channels for MIMO-based links), supported modulation type etc.
The targets for downlink (DL) and uplink (UL) link peak data rates are specified in terms of a reference UE configuration comprising:
a) Downlink capability – 2 receive antennas with support for 16-QAM

b) Uplink capability – 1 transmit antenna with support for 16-QAM
For this baseline configuration, target peak link data rates (including overhead) appear in Table X for a single UE.
	Bandwidth Mode 
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 (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0

	Target DL Peak Link Rate (Mbps)
	6.25
	12.5
	25
	50
	75
	100

	Target UL Peak Link Rate (Mbps)
	3.125
	6.25
	12.5
	25
	37.5
	50


Table X – Target DL and UL peak link data rates vs. bandwidth mode.
3. Spectrum Efficiency and Cell Edge Bit Rates

The EUTRA SI requires that EUTRA deliver “significantly improved spectrum efficiency (e.g. 2-4 x Rel6)” and “increase[d] “cell edge bitrate” whilst maintaining same site locations as deployed today”.

Significantly improved spectral efficiency is a fundamental EUTRA requirement which could be further clarified by defining the system deployment topology to which it is expected to apply (that is, by more precisely defining the phrase “site locations deployed today”.) A potential initial reference deployment definition appears in Table 3.
	Deployment Attribute
	Units
	Value (Range)

	Cell Radius (Typical)
	m
	500-1000

	RMS Delay Spread  (Typical) for Unicast
	s
	0.3-3


Table 3 – Reference system deployment topology
Note that this reference deployment is intentionally simplistic, with a fully-specified deployment model to be captured in the SI simulation assumptions section.

3.1.1. Text Proposal 
EUTRA should deliver significantly improved spectrum efficiency (e.g. 2-4x Rel6) and increased cell edge bitrate whilst maintaining the same site locations as deployed today.  For initial guidance, a reference system deployment is given in Table Y, although a fully-specified deployment model is FFS and will be captured in the Study Item simulation assumptions.
	Deployment Attribute
	Units
	Value (Range)

	Cell Radius (Typical)
	m
	500-1000

	RMS Delay Spread  (Typical) for Unicast
	s
	0.3-3


Table Y – Reference system deployment topology
4. MBMS

At present, the EUTRA SI description simply states that “Further enhanced MBMS” should be addressed in the course of the study. There may be a significant opportunity, however, to enhance MBMS services as part of the EUTRA work, and further clarification of requirements is beneficial here, as described in the text proposal below.

Specification of MBMS performance requirements is complicated by potential non-uniform service provisioning (as enabled by ‘UE counting’ methods) but estimation of system-wide broadcast performance was performed as part of the MBMS work and could be specified at an early stage.
In order to specify an initial reference performance target, it is proposed that system outages of between [95-98]% coverage be considered, at an MBMS frame error rate (FER) of 1%. A potential MBMS spectral efficiency target for this configuration would be in the range 0.8-1.2bps/Hz, representing an improvement of approximately 4 to 6 times that of Release-6 MBMS systems assuming that 768kbps is supported.
4.1.1. Text Proposal

EUTRA systems should support enhanced MBMS modes compared to UTRA operation. In pursuit of this, the following spectral efficiency requirement should be targeted when operating according to the following exemplary system-wide broadcast example: 
a) at [x]% coverage, at a frame error rate (FER) of [y]%, the target MBMS spectral efficiency is in the range [a-b]bps/Hz, representing an improvement of approximately [c] to [d] times that of Release-6 MBMS systems..
Further requirements applicable to MBMS systems are:

a) As for the unicast case, EUTRA should be capable of achieving the target performance levels when operating from the same site locations as existing UTRA systems.

5. Mobility

The predominant requirement for higher bit rate operation remains low-speed or nomadic users (including even fixed terminals, consistent with emerging ‘fixed-mobile convergence’ concepts). Nevertheless, EUTRA should remain fully capable of delivering services to moderate to high speed users.

5.1.1. Text Proposal

 EUTRA system performance as a function of UE velocity is characterised according to Table Z.
	Velocity Range
	Performance Characterisation

	Nomadic – 15km/h
	Optimal

	15 km/h – 120 km/h
	High

	120 km/h – 300 km/h
	Functional


Table Z –  EUTRA system performance vs. velocity.

6. Conclusions

In this contribution, selected RAN performance targets embedded in the EUTRA Study Item objectives have been further assessed, and clarifications on those targets have been proposed for incorporation into the EUTRA Requirements Technical Report.

7. References

[1] RP-040496, 3GPP Support, “Report of the 3GPP TSG RAN Long Term Evolution Work Shop”,  TSG-RAN#26, Athens, Greece, 8-10, December, 2004
[2] RP-040461, NTT DoCoMo et al., “Proposed Study Item on Evolved UTRA and UTRAN”, TSG-RAN#26, Athens, Greece, 8-10, December, 2004
[3] REV-WS011, Motorola, “Requirements for Long-Term UMTS Evolution – Infrastructure and Terminal Perspectives”, 3GPP RAN Long Term Evolution Workshop, Toronto, Canada, 2-3 November 2004

[4] ETSI EN 300 744, “Digital Video Broadcasting (DVB); Framing Structure, channel coding and modulation for digital terrestrial television”

[5] R1-040392, TR25.896 ver2.0.0 Feasibility Study for Enhanced Uplink for UTRA FDD

[6]  3GPP RAN WG1 TDOC R1-00-0909, “Evaluation Methods for High Speed Downlink Packet Access (HSDPA)”, July 4 2000.

[7] 3GPP2, 1xEV-DV Evaluation Methodology




































� The SI objectives do not make clear whether the specified peak data rates include or exclude system overhead.


� Note that other trade-offs between code rate and effective overhead fraction may be used.
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