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1. Introduction

In the previous meeting, several deployment-related requirements and scenarios of Advanced E-UTRA are discussed. As an operator, we are especially concerned about how to migrate smoothly and efficiently from the existing network to new one. In LTE-Advanced, new bandwidth and spectrum deployments are proposed for better system performance. These two parameters will affect the way of system migration. The consensus on bandwidth utilization and spectrum deployment in LTE-Advanced is summarized below [1][2][3]:
· Different downlink and uplink bandwidths, as in the Rel-8, are supported.
· The bandwidth wider than 20 MHz should be supported for higher peak data rate. The maximum bandwidth suggested so far is 100 MHz.
· Extension of bandwidth in Rel-8 is realized through aggregating component carriers.

· In addition to UMTS bands, new bands proposed in WRC07 shall be considered, e.g. 450-470, 698-862, 790-862, 2300-2400, 3400-4200 and 4400-4990 MHz.
Based on the above guidelines, we study spectrum aggregation (also called non-contiguous carrier aggregation) with respect to different spectrum deployments. Following that, spectrum-related channel effects and system mechanism are considered, including propagation loss, Doppler frequency and power control. Finally, some concluding remarks from operator point of view are given.
2. Spectrum Aggregation for Practical Deployment
In LTE-Advanced, wider bandwidth is achieved by aggregating component carriers either contiguously or non-contiguously. The component carriers are backward compatible with the ones defined in LTE Rel-8. For contiguous carrier aggregation, consecutive spectrum is aggregated. On the other hand, discontinuous bands are accumulated for non-contiguous carrier aggregation. Due the terminal implementation and overall system complexity, contiguous carrier aggregation is the main focus currently in the meeting. However, from operator point of view, non-contiguous carrier aggregation should be closely considered for practical deployment. We make the following comments on the carrier aggregation for different spectrum deployments.
· In general, the large bandwidth is not easily acquired even if it is aggregated from consecutive spectrum.
· From regulator point of view, antitrust rule is always considered to protect the rights of public. Allocating large bandwidth to one operator may violate antitrust rule.
· For legacy 2G and 3G operators, they still own several licensed bands either in FDD or TDD mode. Some of these licenses will last for over 10 years. The operators may wish to evolve from the old systems, in which the utilized spectrum is licensed expensively. In this scenario, the available carriers are non-contiguous and widely distributed over spectrum (800 ~ 2100 MHz).
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Figure 1: Spectrum allocation of UMTS and newly proposed bands for IMT
· Some newly proposed bands in WRC07 for IMT-Advanced are not large enough and discontinuous. Figure 1 shows the commonly used UMTS bands and the newly proposed bands for IMT.

· For FDD system, the licensed band is in pairs and the guard band between UL and DL spectrum is required. However, it is not practical for the IMT-Advanced bands below 1 GHz, which are the most attractive bands with many advantages.
Accordingly, non-contiguous carrier aggregation scenarios and schemes should be closely investigated for both legacy and green field operators. The spacing between different component carriers could range from several Mega-Hertz to several Giga-Hertz. Therefore, some spectrum-related channel effects and system mechanisms must be examined, such as propagation loss, Doppler frequency and power control. These issues are investigated in the following sections.
3. Propagation Loss and Link Budget
Different spectrum deployments result in different propagation loss models. Therefore, different link budgets must be planned accordingly. Figure 2 shows the propagation loss with respect to different carrier frequencies and deployment areas. The assumptions for figure 2 are listed below:
· Carrier frequency: 400 ~ 2000 MHz
· Propagation loss prediction model: Okumura Hata model for 400~1500 MHz and Cost-231 Hata model for 1500~2000 MHz.
· Distance to BS: 1 Km.
· BS height: 30m for urban, 20m for sub-urban, and 10m for rural area.
· MS height: 1.5m.
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                            Figure 2: Propagation loss with respect to different carrier frequencies and areas

For non-contiguous carrier aggregation, the variation of propagation loss at different frequency bands is an important issue in system deployment. Please refer to figure 2 for detail. The difference between UMTS Band 1 and Band 8 in propagation loss is more than 11dB. The difference between UMTS Band 8 and 700MHz Band in propagation loss is more than 3dB. The difference between UMTS Band 8 and 450MHz Band in propagation loss is about 9dB. Therefore, discontinuous frequency bands must be aggregated in a generic way. Accordingly, the adaptive and layered radio resource assignment schemes could be implemented for non-contiguous carrier aggregation. For example, lower frequency bands could be used for cell edge users and the other bands for general users. Another example is to apply higher-order modulation at lower frequency bands for superior terminals and lower-order modulation at other bands for general terminals. In other word, the lower frequency bands could play an auxiliary role in system deployment.
4. Doppler Frequency and Coherent Time
Doppler frequency is another channel effect that must be surveyed in a carrier aggregated system. Figure 3 shows the Doppler frequency and the associated coherent time with respect to different carrier frequencies and deployment areas. Again, the variation of Doppler frequency and coherent time at different frequency bands is significant, and the impacts on spectrum aggregation operations may need further study.
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Figure 3 Doppler frequency and coherent time for different carrier frequencies and areas

5. Power Control
In [4], power control procedures for both UL and DL are defined. Basically, the power setting equations are to estimate the link budget. However, the effect of carrier frequency is not considered explicitly in those equations. In a carrier aggregated system, especially for the non-contiguous case, the power setting equations may need to be modified for fast power control and to account for different carrier frequencies. This part is FFS.
6. Viewpoints from Operator and Conclusions
One of the principal objectives in LTE-Advanced is to utilize spectrum more efficient than the prior systems. From operator point of view, how to evolve smoothly and effectively from existing system to LTE-advanced is our major concern. Regarding carrier aggregation and spectrum deployment, the following requirements and design issues should be further addressed:
· The operators may wish to evolve from their existing system, in which the utilized spectrum is licensed expensively.

· For legacy operator, carrier aggregation may include both the existing spectrum and the newly allocated bands.

· To aggregate the scattered licensed carriers, non-contiguous carrier aggregation scheme may need close investigation.

· Several system designed issues resulted from non-contiguous carrier aggregation, such as propagation loss, coherent time and power control, may need further study.

· The adaptive and layered radio resource assignment schemes could be implemented for non-contiguous carrier aggregation.
· The high performance services provided by LTE-Advanced are premium and dedicated to superior terminals.
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