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1 Introduction

TeliaSonera is committed to LTE as shown just recently with the launch of the world first commercial LTE networks, ‎/21/. For LTE-Advanced we therefore like to see a smooth migration path from current LTE deployments. This paper discusses LTE-Advanced carrier aggregation aspects for Rel-10 considering the following aspects, ‎/12/, ‎/13/:

· Spectrum and technical aspects

· Smooth migration path from LTE and to future LTE-Advanced releases
· Equipment expected to be commercially available mid 2012 
· The additional spectrum should be at least 10 MHz
· Considering the operator scenarios for feasibility study ‎/7/ with taking in account refinements considering actual operator deployments, ‎/20/ 

2 Spectrum aspects
The discussion below is mainly based on the European spectrum situation.

2.1 Band 20 (800 MHz)

Total spectrum available: 2 ( 30 MHz 
Spectrum per operator: up to 2 ( 20 MHz, typically we may expect 10 MHz per operator
Licence: Auctions in 2010 in most European countries
Pros:

· Low propagation loss. Ideal for rural areas and for good outdoor-to-indoor coverage
· LTE specs for this band are expected to be finalised with Rel-9

· Sufficient free spectrum will be available for LTE and LTE-Advanced deployment (LTE-A CC min 10 MHz)

Cons:
· Total available spectrum rather small

· Licensing in 2010
· For BWs >10 MHz desense is a problem

· Broadcasting protection and the Russian Federation Aeronautical Radionavigation Systems may limit the deployment

2.2 Band 8 (900 MHz)

Total spectrum available: 2 ( 35 MHz 
Spectrum per operator: typically 7 to 17 MHz (often non-contiguous)
Licence: In some countries re-farming in 2009/2010

Pros:

· Low propagation loss. Ideal for rural areas and for good outdoor-to-indoor coverage
· LTE specs finalised for this band up to 10 MHz BW

Cons:
· Total available spectrum rather small

· Used for GSM and UTRA-FDD/HSPA
· No LTE specs for this band for BWs > 10 MHz
· Re-farming in some countries in 2010

2.3 Band 3 (1800 MHz)

Total spectrum available: 2 ( 75 MHz 
Spectrum per operator: typically 10 to 30 MHz (often non-contiguous)
Pros:

· Reasonable spectrum available for each operator (LTE-A CC min 10 MHz)
· LTE specs finalised for this band up to 20 MHz BW

Cons:
· Used for GSM
2.4 Band 1 (2100 MHz) 

Total spectrum available: 2 ( 60 MHz

Spectrum per operator: typically 10 to 20 MHz (contiguous)
Pros:

· Reasonable spectrum available for each operator (LTE-A CC min 10 MHz)
· LTE specs finalised for this band up to 20 MHz BW

Cons:
· Used for UTRA-FDD/HSPA
2.5 Band 7 (2600 MHz)
Total spectrum available: 2 ( 60 MHz

Spectrum per operator: typically 20 MHz (contiguous)
Licence: 2009/2010 in most European countries

Pros:

· LTE specs finalised for this band up to 20 MHz BW

· Already in operation for LTE in Sweden and Norway
· Reasonable spectrum available for each operator
Cons:
· High propagation loss, problematic especially for coverage in rural areas
2.6 Band 22 (3500 MHz)
Total spectrum available: For FDD operation 2 ( 90 or 2 ( 100 MHz is available in most European countries.
Spectrum per operator: typically 21 to 28 MHz (contiguous)
Licence: Mixed situation in Europe with regional, nationwide licence, for FWA only, etc. Harmonisation in order to follow the ECC recommendation for Broadband Wireless Access is ongoing in many countries. 
Pros:

· Could offer most available spectrum. 
· In Europe the FDD duplex separation is in most countries 100 MHz. This is not the case in e.g. Asia ‎/17/ but after reference ‎/18/ seems not to limit LTE-Advanced deployment in this band.
· Six out of the twelve 3GPP operator scenarios for LTE-Advanced include the 3.5 GHz band, ‎/7/
· Could be especially first used for outdoor hotspot areas and dedicated indoor systems like also suggested in reference ‎/19/
Cons:
· High propagation loss especially for outdoor-to-indoor penetration
· The European BWA regulation is flexible allowing for both FDD and TDD in the band ‎/3/, ‎/4/
· Dual duplex band gap for FDD operation, ‎/3/, ‎/4/ 
· Block sizes are based on FWA with 14, 21, 28 MHz, etc, ‎/3/, ‎/4/ which makes it difficult to use the whole BW efficient for LTE and LTE-Advanced
· Current European BEM are difficult / impossible to realise in E-UTRA specification, ‎/9/ 

· 3GPP WI on UMTS-LTE 3500 MHz not yet finalised (expected completion date June 2010)
3 Technical aspects

3.1 Intra-band contiguous carrier aggregation with bandwidhs > 20 MHz

Pros:

· In principle simpler Tx/Rx UE architecture possible compared to inter-band, reference ‎/7/ and ‎/8/
Cons:
· Having more than 20 MHz contiguous spectrum requires new RF parameters for: SEM, ACLR and / or restriction on the max UE Tx power, etc  ‎/7/, ‎/8/, ‎/13/, ‎/15/. This would be a problem and delay LTE-Advanced as regulator requirements (BEM) in many bands are based on e.g. the UTRA spectrum mask (WAPECS requirements for Europe).
· Larger bandwidths will decrease the Tx-Rx carrier frequency separation which will increase the desense problem and therefore negatively effect the reference sensitivity level in the UE.  

The required large spectrum allocation is mostly not available for an operator ‎/22/. Network sharing in general will allow operators to save equipment/network cost but it will also make it more difficult for operators to differentiate in their services. Furthermore, one of the main aim of the newly established Body of European Regulators for Electronic Communications (BEREC) by the European Parliament will be to stimulate further competition in its member states and therefore we may expect BEREC is favouring network splitting rather than network sharing ‎/1/.

· Spectrum blocks > 80 MHz in one band are not available. It might be available in the 3.8-4.2 GHz range after 2015, ‎/11/
· Interference between the neighbouring component carriers, ‎/10/, ‎/13/
3.2 Intra-band non-contiguous carrier aggregation

Pros:

· In principle simpler Tx/Rx UE architecture possible compared to inter-band but this depends also on the separation of the non-contiguous carriers, reference ‎/7/ and ‎/8/, but tougher RF requirements may be needed adding cost to the UE
Cons:
· Intermodulation products and harmonics appearing in other bands have to be considered, ‎/13/
· The required large spectrum allocation is mostly not available for an operator as also pointed out in e.g. references ‎/11/, ‎/22/. LTE-Advanced should not be made to depend on network sharing possibilities.
· Non-contiguous spectrum puts more challenge to the UE complexity, ‎/14/
3.3 Inter-band non-contiguous carrier aggregation

Pros:

· Minimum effort for new RF and other performance requirements, ‎/6/, ‎/12/, ‎/23/. 
· Similar approach like for DB-DC HSDPA with two bands combined, ‎/23/.
Cons:
· Due to different propagation losses the same coverage for component carriers at different bands will not be possible
· Transmitter and receiver RF chain for each band needed, ‎/6/
· Only a limited number of spectrum aggregation scenarios can be realistically supported by the UE

· Intermodulation products and harmonics appearing in other bands have to be considered, ‎/16/
4 Summary

Summarizing the spectrum and technical aspects we could conclude that for Rel-10 LTE-Advanced:

· Inter-band non-contiguous carrier aggregation could offer the smoothest evolution path for LTE. 

· Intra-band contiguous or non-contiguous carrier aggregation with bandwidths > 30 MHz, as envisioned in the 3GPP deployment scenarios for the ITU-R submission would for most operators require network sharing. LTE-Advanced should not be made to depend on network sharing possibilities. Furthermore this will require new RF performance requirements, desense in the UE will increase, delaying LTE-Advanced and conflicting with existing regulator BEM requirements.

Considering spectrum aspects and LTE network deployments in Europe we see Band 7 (2600 MHz) as the base for LTE-Advanced Rel-10 (similar to Band 1 for DB-DC-HSPA). With Band 7 as the base for LTE-Advanced we prefer the following combinations:
1) Band 7 (2600 MHz) with Band 20 (800 MHz) 

2) Band 7 (2600 MHz) with Band 22 (3500 MHz), which is scenario #12 in ‎/7/
3) Band 7 (2600 MHz) with Band 3 (1800 MHz)
With transmission bandwidths UL: 40 MHz and DL 40 MHz.
Justifications: 
· Band 20 will be auctioned in most European countries in 2010 and sufficient free spectrum will be available for LTE and LTE-Advanced deployment. For LTE the 800 band will be primarily used in rural areas. For LTE-Advanced the 800 band will give very good outdoor-to-indoor coverage which makes it ideally for hotspot indoor traffic. Equipping LTE 2600 sites with 800 band equipment we do not see as a problem as the equipment cost will be not higher than if e.g. combining the 2600 band with bands > 1 GHz, ‎/24/.
· Band 22, although not finalised in the 3GPP specification, and with scattered spectrum allocation throughout Europe can offer most available spectrum to LTE-Advanced deployment. May be more important is that if LTE is not deployed soon in this band it might be to late as it will be occupied by WIMAX in many countries.
· Band 3 has reasonable available spectrum for many operators in order to consider it also for LTE-Advanced

The other bands which could be combined with the 2600 MHz band are the 900 and 2100 MHz bands. The 900 band can not offer enough free spectrum as it is heavily used for GSM and UTRA-FDD/HSPA in many countries. The 2100 MHz band is used for UTRA-FDD/HSPA and it will be difficult to free up spectrum for LTE. 
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