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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is an internal Technical Report in TSG RAN WG4 for the feasibility study of the E-UTRA (Evolved Universal Terrestrial Radio Access). The document is to collect study outcomes from the group on evaluation of radio technology aspects of E-UTRA.
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· For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

<Editor’s note: If no definitions are needed, this sub section will be deleted.>.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format

<symbol>
<Explanation>

<Editor’s note: If no specific symbols  are used in this document, this sub section will be deleted.>.

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
BS
E-UTRAN Base Station

E-UTRA
Evolved Universal Terrestrial Radio Access

E-UTRAN
Evolved Universal Terrestrial Radio Access Network
UE
User Equipment

UMTS
Universal Mobile Telecommunications System

UTRA
UMTS Terrestrial Radio Access

UTRAN
UMTS Terrestrial Radio Access Network

<Editor’s note: Further necessary abbreviations may be added.>.

4
E-UTRA objectives related to radio technology aspects

<NOTE: Copied from the WI description sheet.>
The objective of the study item “Evolved UTRA and UTRAN” is to develop a framework for the evolution of the 3GPP radio-access technology towards a high-data-rate, low-latency and packet-optimized radio-access technology. Thus the study should focus on supporting services provided from the PS-domain. In order to achieve this, studies should be carried out in at least the following areas:
· Related to the radio-interface physical layer (downlink and uplink):

· e.g. means to support flexible transmission bandwidth up to 20 MHz, introduction of new transmission schemes and advanced multi-antenna technologies

· Related to the radio interface layer 2 and 3:

· e.g. signaling optimization

· Related to the UTRAN architecture:

· identify the most optimum UTRAN network architecture and functional split between RAN network nodes, not precluding considerations on the functional split between UTRAN and CN (SA2 experts should be invited to the latter topic)
· RF-related issues
The targets for the evolution of the radio-interface and radio-access network architecture that are related to radio technology aspects are:

<NOTE: Points not related to RAN4 are removed from below. Some more of the points could be removed if not found applicable to RAN4 work.>
· Significantly increased peak data rate e.g. 100 Mbps (downlink) and 50 Mbps (uplink)

· Increase “cell edge bitrate” whilst maintaining same site locations as deployed today
· Significantly improved spectrum efficiency ( e.g. 2-4 x Rel6)
· Scaleable bandwidth

· 5, 10, 20 and possibly 15 MHz

· [1.25,] 1.6 MHz, 2.5 MHz: to allow flexibility in narrow spectral allocations where the system may be deployed

· Support for inter-working with existing 3G systems and non-3GPP specified systems
· Further enhanced MBMS

· Cost effective migration from Rel-6 UTRA radio interface and architecture

· Reasonable system and terminal complexity, cost, and power consumption. 

· Backwards compatibility is highly desirable, but the trade off versus performance and/or capability enhancements should be carefully considered.
· System should be optimized for low mobile speed but also support high mobile speed

· Operation in paired and unpaired spectrum should not be precluded
· Possibility for simplified co-existence between operators in adjacent bands as well as cross-border co-existence
5
Evaluation of radio technology aspects for E-UTRA
5.1
Frequency bands E-UTRA
Potential frequency bands for E-UTRA operation are the UTRA bands, including the ones available today and any future bands that may be added. These candidate frequency bands, on which the technical studies in this TR based on, are the nine bands specified for UTRA FDD and the four bands for UTRA TDD shown in Table 5.1-1 and Table5.1-2 respectively. 

Table 5.1-1: UTRA FDD frequency bands [Unit: MHz]

	Operating Band
	UL Frequencies
UE transmit, Node B receive
	DL frequencies
UE receive, Node B transmit
	UL Band Width
	DL Band Width
	Duplex Frequency Separation
	Duplex Centre 
Gap

	I
	1920 – 1980
	2110 –2170
	60
	60
	190
	130

	II
	1850 –1910
	1930 –1990
	60
	60
	80
	20

	III
	1710-1785
	1805-1880
	75
	75
	95
	20

	IV
	1710-1755
	2110-2155
	45
	45
	400
	355

	V
	824 – 849
	869-894
	25
	25
	45
	20

	VI
	830-840
	875-885
	10
	10
	45
	35

	VII
	2500-2570
	2620 – 2690
	70
	70
	120
	50

	VIII
	880-915
	925 – 960
	35
	35
	45
	10

	IX
	1749.9 -1784.9
	1844.9 – 1879.9
	35
	35
	95
	60


Table 5.1-2: UTRA TDD frequency bands [Unit: MHz]

	Operating Band
	UL Frequencies
UE transmit, Node B receive
	DL frequencies
UE receive, Node B transmit
	Band Width
	Remarks

	a)
	1900 – 1920
2010 –2025
	20
15
	

	b)
	1850 –1910
1930 –1990
	60
60
	Used in ITU Region 2

	c)
	1910-1930
	20
	Used in ITU Region 2

	d)
	2570-2620
	50
	Used in ITU Region 1


5.2
Scalable band width
<Editor’s note:  The final text proposal should also be corporated into “10 RF Related aspects of evolved UTRA” in TR25.912, as a subsection of “10.1 Scalable bandwidth". >
E-UTRA shall according to [3] allow scalable bandwidth operation of 1.25 MHz, 1.6MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz. There are several implications of the flexible bandwidth, including performance and implementation aspects. When unwanted emissions requirements for a scalable bandwidth system are specified, there are also regulatory aspects related to both the way the unwanted emission requirements are specified and to identifying the relevant emission limits.

For the out-of-band emissions (close to the carrier) the present UTRA limits are specified both as ACLR (Adjacent Channel Leakage Ratio) and a Spectrum Mask. Several proposals in ‎[10], ‎[11], ‎[16], ‎[17], ‎[21] and ‎[22] discuss how to specify ACLR and spectrum mask in a way similar to UTRA. It is also shown how emissions vary with the scalable bandwidth, which should be reflected in the out-of-band limits, at least for the UE. Proposals in ‎[12], ‎[13] and ‎[14] introduce a new concept where adjacent channel leakage is specified in a measurement bandwidth related to the resource block size. It is pointed out in ‎[19]  that Out-of-band emissions for E-UTRA does not necessarily have to be specified as a spectrum mask, or that it has to be identical to the UTRA mask. What is important is that assurance is provided for co-existence, through ACLR, spectrum mask or other limits on Out-of-band emissions.
Out-of-band limits are set by 3GPP, but are referenced, included and applied by external regulatory bodies in recommendations, reports and co-existence studies ‎[19]. In defining the limits for LTE, those references should be considered to assure that E-UTRA provides sufficient compatibility with other services.
The present UTRA spurious emission limits are based on ITU-R SM.329 ‎[7], which should also be the basis for LTE as discussed in ‎[8], ‎[10], ‎[15] and ‎[20]. There are also additional UE and BS spurious emission limits defined as regional requirements for co-existence between different systems, including UTRA, GSM and PHS in the same or different bands. Some of these requirements should remain as pointed out in ‎[10] and ‎[20], but there may also be new co-existence scenarios to consider. It is important for 3GPP to respect regional requirements and to take into account how the limits are applied and referenced in international and regional bodies. 

It was shown in ‎[18] that some aspects of the ITU-R SM.329 limits ‎[7] may lead to unnecessarily tight requirements for the BS. The regulatory aspects of this issue are at the moment being addressed further within CEPT/ECC.

Spurious emission limits are mainly driven by international recommendations, but some implementation considerations are also important. One such issue is how to define the limit between out-of-band and spurious emissions. ITU-R SM.329 ‎[7] recommends this limit to be proportional to the (necessary) emission bandwidth. Contributions ‎[9], ‎[12], ‎[13] and ‎[15] considered the concept of starting the domain of the spurious emission requirements at a fixed offset of 10 MHz from the edge of the LTE carrier for any bandwidth. From an implementation perspective contribution ‎[11] indicated this to be feasible for the BS. However, it was shown in ‎[11] and ‎[17] that this approach appears to be not viable for the UE. Also here, considerations must be taken of implementation and regulatory aspects as well as co-existence with adjacent systems.

In some of the potential frequency bands, depending on the spectrum allocation conditions, sufficient frequency spectrum for the wider operation bandwidths may not be available. In that case, resource aggregation has been considered as one option. The implementation and complexity aspects of this issue are studied and summarized further in section 5.3 in this TR.
As a summary of these studies it can be concluded that the scalable bandwidth needs to be properly considered when defining LTE unwanted emission requirements, taking into account co-existence with other systems, implementation and regulatory aspects. Based on the studies to date, scalable bandwidth is considered feasible.
5.3
System and terminal complexity, cost and power consumption 
<Editor’s note:  The final text proposal should also be  corporated into “12 System and Terminal Complexity” in TR25.912，as a subsection titled “12.2 Complexity requirements for UE”. (For a side information, 12.1 should be “Complexity requirements for overall system” to be studied by RAN-WG2.>
This section presents the current RAN4 understanding of feasible system and terminal complexity. With the progress of technology over time, some of the complexity restrictions may no longer apply, and allow reconsideration regarding addition of functionalities currently considered to be too complex, as well as functionalities currently not considered, in a later Release of the specification. However, if new functionalities are considered in the future, incremental gains that these additions could provide should also be evaluated.
The document [23] introduced and proposed the following set of  resource aggregation options for E-UTRA. 

· Resource aggregation type 1 - over adjacent channels in the same band with same content

· Resource aggregation type 2 - over separated channels in the same band with same content
· Resource aggregation type 3 - over separated channels in different bands with same content
· Resource aggregation type 4 - DL broadcast channel and bidirectional channel in the same band

· Resource aggregation type 5 – DL broadcast channel and bidirectional channel in the different bands
RAN4 has analysed the feasibility and necessity of these different resource aggregation options. 

It was recognised in [23] that there may be benefits of having aggregation for different kinds of spectrum allocations for the operators. However, it was also considered in [25] that E-UTRA complexity compared to UTRA is already increased due to e.g. scalable bandwidths. It is also pointed out in [25] that the uplink and downlink parts of each type of resource aggregation have different implementation impacts and should be considered separately. The position of different aggregated carriers affects RF implementation and related complexity. However, as discussed in the document [25] from an RF implementation point-of-view, it does not matter for the downlink whether two aggregated resources support unicast data, broadcast data or any combination of these two. 

Resource aggregation types 1-3 have been discussed and analysed in the documents [23] – [30]. 

Type1: It was considered in [24] that instead of using resource aggregation a wider bandwidth carrier on a contiguous spectrum allocation  would offer lower complexity and better performance allowed by advanced network algorithms like frequency domain scheduling.  The presented simulation results in [26] indicated that the transmission of multiple SC-FDMA channels is significantly more inefficient from the PA perspective than the transmission of one wider bandwidth channel because PAR/CM levels would be higher for the transmission of multiple bandwidth channels meaning that at least in the uplink it is likely that there would be further specification impacts in terms of complexity of the RAN4 ACLR/emission requirements.
Type2: As stated in [26] it is seen to be more efficient to improve the performance of data reception on one operating bandwidth rather than increasing UE complexity for supporting resource aggregation of the same content on more than one bandwidth. As for the type 1 also in this case at least in the uplink there would be further specification impacts in terms of complexity of the RAN4 ACLR/emission requirements. There are also impacts to the Node B scheduler design and corresponding signalling.

Type3: With the resource aggregation of the same content over different band, in addition to UE complexity issues network planning issues ( i.e. cell borders and sites being at different locations) were considered more challenging in [27], which would lead to more complicated RRM and network signalling.  There are also UL specification impacts and issues in terms of spurious emissions requirements.
Conclusions on resource aggregation with same content
Based on the findings of [24] – [29] and RAN4 discussions, it is proposed to avoid resource aggregation for the same content (types 1, 2, and 3). The concerns raised in [23] are addressed as the minimum UE UL and DL bandwidth capabilities are agreed to be 10 MHz. Additionally terminals will support all bandwidth options within its bandwidth capability. Hence, this should give operators some flexibility in terms of channel arrangements.

Type 4 &5: The MBMS targets for the E-UTRA system in TR25.913 indicate that some level of resource aggregation is probably needed for providing unicast and MBMS services simultaneously due to a requirement for a possibility to deploy MBMS on separate carrier. Both Type 4 and Type 5 are considered feasible. Complexity level depends on frequency separation. 
Conclusions on resource aggregation with bi-directional and broadcast channels
Based on the MBMS requirements in TR25.913 and the recommendations on the resource aggregation of bi-directional and broadcast channels in the documents [28] and [29], it is proposed that the resource aggregation of bi-directional and broadcast channels is considered further when developing the E-UTRA specifications in the work item phase. 

UE complexity issues related to the UE maximum output power

The document [31] considered UE complexity issues related to the UE maximum output power. The document concluded that it should be possible to reuse the rel-6 PA in order to allow for a single PA implementation for multi-mode (E-UTRA, UTRA) and multi-band terminals and that the E-UTRA UE power class should be a subset of the current UTRA Rel-6 power classes. 

Conclusions on UE output power

It is proposed to consider the outcome of RAN1 analyses on coverage and cell edge performance before concluding the UE maximum output power requirements. 
6
Summary
<Editor’s note:  Text to be added.>
Annex A (informative):
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