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1. Introduction

The 3GPP RAN workshop on Long Term Evolution (LTE) [1] reached agreement on several topics impacting UE implementations (such as variable bandwidth modes) and RAT support (including inter-working) and these were subsequently captured in the Enhanced UTRA (EUTRA) Study Item objectives [2].

As part of the Long Term Evolution Workshop, Motorola offered detailed comments [3] on requirements for EUTRA, but clarity in specifying EUTRA core requirements and hence the direction of the EUTRA Study Item (SI) will be of fundamental importance to maintaining the Study Item’s schedule and achieving the goals of the work.

Accordingly, in what follows, further observations are offered on requirements embedded in the EUTRA Study Item (SI) which could potentially impact UE operation and implementation complexity. Specific language is proposed for inclusion in the EUTRA Requirements Technical Report (TR) with the goal of further clarifying the EUTRA core Study Item work.

2. Variable Bandwidth Modes
The SI objectives currently state that “scaleable bandwidth” should be supported, with operational bandwidths to include “5, 10, 20 and possibly 15 MHz”, with “[1.25,] 2.5 MHz” considered “to allow flexibility in narrow spectral allocations where the system may be deployed”.

This target can be interpreted in a number of ways, however, and further clarification appears essential.

2.1. Bandwidth Mode Requirements

Support for the 5MHz bandwidth mode is important given current UTRA deployments. The 10MHz mode is likely the earliest practicable bandwidth capable of supporting higher peak rate capability, and so should also be defined. The timetable for availability of spectrum allocations permitting 20MHz deployments on a global basis is perhaps less immediately clear, but the opportunity to further evolve EUTRA data rates is important and so a 20MHz mode should also be defined in the specification.

Support for a 15MHz mode provides an option for efficient operation where 15MHz allocations are available, avoiding the enforced use of either a) a 3x5MHz deployment, which precludes higher bit rate operation, or b) a combination of a 10MHz EUTRA carrier adjacent to a 5MHz EUTRA carrier, which would complicate system provisioning and require additional system coexistence studies. Accordingly, a 15MHz mode may be specified.
2.5MHz appears to be the largest bandwidth which can efficiently support spectrum migration of small market spectrum allocations, but the specification of a EUTRA mode of 1.25MHz bandwidth also appears useful in specific regulatory regimes and could be supported. Note, however, that it may not be necessary to specify both 1.25MHz and 2.5MHz modes.
The bandwidth mode set of Table 1 is therefore proposed for the initially standardized modes in the EUTRA specification. Note that the definition in the EUTRA core specification of a bandwidth mode does not imply its support by a every UE capability. This is described in more detail in Section 2.2 below.
	Bandwidth (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0


Table 1 – Proposed initial EUTRA specification bandwidth mode set
Ideally, the EUTRA core specification should be written so that the bandwidth modes specified initially are not the only bandwidth mode which may be generated in future from the specification. A general example of this type of practice is the DVB-T physical layer specification [4], in which the elementary sample period 
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 is scalable to support different operating bandwidths. The purpose of this type of flexibility is to permit future application of EUTRA in system bandwidths (i.e. markets, regulatory regimes etc.) not initially envisaged. Of course, any such future-oriented requirement should not be permitted to slow progress towards specifying the initial adopted bandwidth mode set, such as Table 1.
Taking the above points into account, and in order to minimize the work load, initial priority could be given to specifying the 1.25, 5.0 and 10 MHz bandwidth modes.
2.1.1. Text Proposal (Section: “Radio Interface Physical Layer Requirements”)
The initial EUTRA system specification will define operation for the bandwidth mode set specified in Table X. 
	Bandwidth (MHz)
	1.25
	2.5
	5.0
	10.0
	15.0
	20.0


Table X – Initial EUTRA specification bandwidth mode set

The following notes are applicable:

a) where the EUTRA specification defines a bandwidth mode, UE support for a bandwidth mode is established by the UE’s capability and not all UE’s will necessarily support all bandwidth modes.
b)  The EUTRA specification will be constructed in such a manner that definition of EUTRA operation for bandwidth modes other than those specified in Table X is readily achievable.
2.2. Bandwidth Modes – Symmetry of Downlink and Uplink Operation

There may be benefits in the deployment of EUTRA systems to permit wideband downlink operation to be coupled with uplink operation based on the current 5MHz (or smaller) system bandwidth mode. The benefits of such asymmetric bandwidth operational modes could be explored as part of the EUTRA Study Item.
2.2.1. Text Proposal (Section: “Radio Interface Physical Layer Requirements”)

The deployment of asymmetric bandwidth modes (i.e. where the downlink and uplink link bandwidths are not identical) should be supported.
2.3. UE Bandwidth Mode Support
The mapping of bandwidth modes to UE capabilities is of fundamental importance, since the existing EUTRA SI targets can be interpreted in a number of different ways depending on the interpretation of UE capabilities. Consider the following extreme but illustrative scenarios:

a) Scenario 1 – Single-Bandwidth UE’s – in this scenario, the UE capability classes are constructed so that ‘low-cost’ UE’s supporting only 1.25MHz are permitted, along with single mode UE’s supporting only 2.5MHz, 5MHz etc. up to ‘high-cost’ terminals supporting only 20MHz operation. All UE’s are, however, permitted to access base stations in a particular radio band (e.g. UTRA Band I). In this scenario, all EUTRA system bandwidth modes would need to provide signalling, synchronization, pilot channel structures etc. designed to be accessible by a UE capable of, say, 1.25MHz operation. This constraint could potentially lead to a complex system design and specification, inefficient operation and difficulty in delivering a clear and timely EUTRA  specification.

b) Scenario 2 – Omni-Bandwidth UE’s – in this scenario, UE’s are capable of supporting all defined bandwidth modes in all EUTRA-deployable radio bands. Clearly, this approach provides the maximum flexibility to system deployment, and – while the system design concept is still scalable – avoids burdening the system design with “lowest common denominator” UE bandwidth mode support. This requirement places, however, the burden of flexibility on the UE implementation and therefore cost. 
2.4. System Access and Synchronization

Permitting arbitrary deployments of EUTRA bandwidth modes in any band also complicates initial system acquisition. UE’s lacking specific knowledge of local EUTRA deployments could be required to search for and validate EUTRA carriers over both the carrier raster applicable to each bandwidth mode and the set of EUTRA carrier bandwidths supported by the UE, thereby prolonging initial system acquisition times.

2.5. Progressive UE Deployments

A still further consideration is the progressive deployment of system capability and bandwidth. Consider, for example, the case where initial deployments of EUTRA are limited to, say, 5MHz operation with UE’s providing support for [1.25,5.0]MHz bandwidths. Any subsequent attempt by the network to consolidate frequency resources in the same band to permit higher rate operation at, say, 10MHz would be limited (as described in Scenario 1 above) by the legacy population of UE's limited to 5MHz operation. Support for such legacy devices accessing a wide-band carrier (>5MHz) would again need to be defined in the specification, which could lead to a potentially complex signalling specification unless the number of legacy bandwidth mode combinations was limited.
2.6. Coexistence Studies
Permitting the deployment of EUTRA systems with arbitrary bandwidth in any radio band would also lead to many possible permutations of co- and adjacent channel interference both with EUTRA deployments operating in different bandwidth modes, and with other RAT deployments including UTRA and GSM/GPRS/EDGE systems. Each different coexistence study could require WG4 resources to execute, possibly delaying the timely delivery of initial EUTRA radio requirements.

2.7. Potential Way Forward – Targeted UE Bandwidth Modes
An approach to maintain deployment flexibility while easing the system coexistence and access challenges could be to map the UE bandwidth mode capability – i.e. the UE’s support for specific sub-sets of the available EUTRA operating bandwidths – to particular radio bands. The initial mapping of bandwidth modes to radio bands would be selective, and designed to address initial market opportunities. 
This approach would simplify the initial WG4 process of identifying radio requirements such as out-of-band emissions limitations and ACLR, since the number of co-existence scenarios would be substantially reduced. The system acquisition problem in each radio band would also be simplified. UE capabilities such as peak data rate, memory size etc. would be specified later where the data rates supported by UE’s supporting the same bandwidth requirement would not necessarily be identical. Importantly, the system support of signalling, synchronization etc. would be designed on the basis that all UE’s accessing an EUTRA carrier in a band are capable of accessing the entire EUTRA carrier bandwidth.

The radio requirements for introduction of new bandwidth modes into specific radio bands would be handled by WG4 in a manner similar to the present practice of introducing new UTRA operating bands, with system migration to new bandwidth modes handled by introduction of new UE capabilities into the band.

Table 2 shows an illustrative example of an initial mapping of EUTRA bandwidth modes to radio bands. In practice, the definition of any such mapping would of course be the responsibility of WG4, and would be modified as EUTRA systems mature to permit new bandwidth modes in legacy or new radio bands.
	Band Designator
	UL Frequency Band (MHz)
	DL Frequency Band (MHz)
	Band Spectrum Allocation (MHz)
	Applicable EUTRA Bandwidth Modes (MHz)

	Band I
	1920 – 1980
	2110 –2170
	2 x 60
	{5.0, 10.0}

	Band II
	1850 –1910
	1930 –1990
	2 x 60
	{5.0, 10.0}

	Band III
	1710-1785
	1805-1880
	2 x 75
	{5.0, 10.0}

	Band IV
	1710-1755
	2110-2155
	2 x 45
	{5.0, 10.0}

	Band V
	824 – 849
	869-894
	2 x 25
	{5.0, 10.0}

	Band VI
	830-840
	875-885
	2 x 10
	{5.0, 10.0}

	Band VII
	2500 – 2570 
	2620-2690 
	2 x 70
	{5.0, 10,0}

	Band VIII 
	880-915
	925-960
	2 x 35
	{1.25, 5.0}

	 Band aabb 
	2570-2620
	50
	{5.0, 10.0}

	WRC-2007 Spectrum
	TBD
	TBD
	TBD
	{10.0, 20.0}


Table 2 – Example initial mapping of EUTRA bandwidth mode to radio band (FDD cases).
2.7.1. Text Proposal (Section: “RF and Radio Resource Management Requirements”)

As a means of simplifying the specification of UE bandwidth mode support, the following requirements for EUTRA network and UE operation apply:

a) Targeted Bandwidth Modes – Not all bandwidth modes defined by the EUTRA specification are applicable to all radio bands in which EUTRA may be deployed. Rather, the specific EUTRA bandwidth modes supported in each radio band are FFS. As an example, the outcome of this work could appear in a form such as Table A.

	Band Designator
	UL Frequency Band (MHz)
	DL Frequency Band (MHz)
	Applicable EUTRA Bandwidth Modes (MHz)

	Band X
	aaaa – bbbb
	cccc – dddd
	{5.0, 10.0}

	Band Y
	pppp – qqqq
	rrrr – ssss
	{1.25, 10.0}


Table A – Example EUTRA bandwidth mode to radio band mapping.
b) UE Support for Bandwidth Modes – UE’s capable of operating in a specific EUTRA-supported radio band are required to support all bandwidth modes defined for that band. The bandwidth modes applicable to a particular band could again be expressed, for example, in a form such as Table A.
2.8. EUTRA Bandwidth Mode Coexistence
It is also useful to consider at the outset whether EUTRA should be design to permit different EUTRA bandwidths to occupy the same radio spectrum on a co-located or adjacent geographic basis. For example, if a network deploys a 10MHz EUTRA carrier in a particular cell, would EUTRA be designed to optimise operation with a co-frequency 2x5MHz deployment in an adjacent cell?
In this instance, there appears to be few compelling benefits to require explicit support for such a deployment in the EUTRA specification. Nevertheless, while not supporting such deployment modes, EUTRA should be robust to such interactions at locations such as regulatory border regions.
2.8.1. Text Proposal (Section: “RF and Radio Resource Management Requirements”)

EUTRA is not required to explicitly support scenarios where – in the same or adjacent geographic regions – a single spectrum resource is partitioned between different bandwidth modes. EUTRA is required, however, to exhibit robust operation at regulatory boundaries and other regions where such interactions might be encountered.
3. UE Complexity

The EUTRA SI currently requires “reasonable system and terminal complexity, cost, and power consumption.”

In establishing reference requirements from this directive, it is important to keep in mind the time-frame in which EUTRA systems are likely to be deployed, and the areas in which both RAN and UE implementations are likely to make significant progress.

Firstly, mobile power amplifier and related technologies and requirements are not progressing at a rate that would suggest radical changes in UE power classes should be anticipated in the EUTRA time-scale. Accordingly, similar power classes to those currently defined for UTRA should be anticipated for portable use, although the definition of other power classes for non-portable use could be considered.

An additional consideration on UE complexity is a requirement to simultaneously monitor more than one downlink carrier. For example, simultaneously receiving a legacy UTRA downlink carrier in combination with a EUTRA carrier would require dual-frequency receiver designs, possibly in combination with multi-antenna operation on the EUMTS carrier where the operating bandwidths and bands of the UTRA and EUTRA carriers are quite possibly different. Such a requirement could potentially slow deployment of EUTRA terminal apparatus, without necessarily delivering gains in system efficiency.

Any requirement for multi-antenna operation at the UE is also an important consideration. Here, the potential gains in downlink system spectral efficiency and cell-edge performance (including MBMS operation), need to be balanced against the impact on UE complexity. In this instance, the likely evolution of deployed wireless technologies suggest that dual-receive antennas be identified as a baseline requirement for UE’s, with 4 receive antennas specified for specific UE capability classes. 

3.1.1. Text Proposal (Section: “System and Terminal Complexity Requirements”)
EUTRA should achieve its performance goals on the basis of reasonable system and terminal complexity, cost, and power consumption.

More specifically, in designing EUTRA, the following requirements should be taken into account:

a) UE Power Classes – it is not anticipated that UE power classes offering significantly greater radiated power levels than those currently defined by UTRA will be specifiable by portable EUTRA systems. Modified power classes applicable to non-portable applications are FFS.
b) UE Receive Antenna Ports – UE’s are required to support a minimum of 2 receiving antenna ports and a maximum of 4 receiving antennas, as determined by UE capability.  The possibility of more than one transmitting antenna may deliver technical benefits but at the cost of increased implementation complexity and is therefore FFS.

4. Conclusions

In this contribution, selected requirements relating to UE complexity embedded in the EUTRA Study Item have been further assessed, and potential clarifications on those requirements have been proposed for incorporation into the EUTRA Requirements Technical Report.
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