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1. Introduction

Support of wider bandwidth is one of the key open issues for discussion and decision in LTE-Advanced standard meeting. Currently, the maximum supported system bandwidth in LTE-Advanced is 100MHz. Therefore, higher data rate toward 1Gbps is achievable in LTE-Advanced. To this goal, carrier aggregation and spectrum aggregation are both proposed in the previous contributions. Carrier aggregation is also known as contiguous carrier aggregation and spectrum is non-contiguous carrier aggregation. Among these two schemes, the former one has is priority. However, spectrum aggregation is still under consideration, especially from operator’s point of view. We make our comments on the carrier aggregation [1] below:
· Backward compatible of component carrier numerology: We agree that the component carrier occupy maximum 110 RBs. However, the number of RBs for 20 MHz is 100 [2-4]. Therefore, the occupied bandwidth is 18 MHz, leaving 1MHz guard band between adjacent carriers.
· Center and sub-carrier alignment: We agree that center carrier and sub-carriers should be aligned with both 15 kHz and 100 kHz, respectively. Accordingly, spacing between component carriers is generally proposed to be a multiple of 300 kHz. In [2], two different carrier aggregation schemes are considered. It is noted that the spacing between component carriers in case 1 is not a multiple of 300 kHz. On the other hand, the arrangement in case 2 is aligned with 300 kHz. In [5], three different carrier aggregation schemes are considered by NTT DoCoMo. Again, only Option 2(a) and 2(b) conform to this agreement.
· Aggregated bandwidth and asymmetric DL/UL bandwidth: For FDD, we agree to have an asymmetric DL and UL bandwidth allocation according to practical traffic requirement. For TDD, due to its inherent flexibility in radio resource assignment, it is not necessary for DL/UL asymmetry. However, the component carrier should be of the same size. For example, 5x20MHz or 3x10MHz. The aggregation of component carriers with different size will result in complicated RF filter design for spectrum emission masking and should not be adopted unless substantial gain is clearly motivated.
· Agnostic supporting for spectrum aggregation: In general, the spectrum aggregation is a straightforward way for mobile network operators to support wider bandwidth, as compared to the carrier aggregation. Distributed licensed bandwidths are strung up for supporting higher throughput. However, higher complexity and cost at RF transceivers are the disadvantages. Anyhow, this part is worth further studying.
· Backward compatible component carriers: We agree with this working assumption. However, the combination of component carriers with different sizes is another issue.
· One TB and HARQ entity per component carrier: The advantage of this approach is obvious. Therefore, we are with this option.
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Figure 1 Carrier aggregation with different sizes of component carriers: (a) (20+10) MHz, (b) (20+15) MHz, (c) (20 +5) MHz, (d) (20+3) MHz. There are guard bands between component carriers.
2. Further discussion on Carrier and Spectrum Aggregation

In addition to the above mentioned general agreements on the support of wider bandwidth, we further consider the following two issues:
· Carrier aggregation with different size of component carriers: Considerations on the carrier aggregation up to now are almost based on the component carrier of same size. Nevertheless, aggregation with different size of component carriers is also possible and maybe more feasible. Following the proposal in [2], four different combinations of carrier aggregation with guard bands between component carriers are shown in Fig. 1. It is shown that the only case that has 300 kHz channel raster is Fig. 1(a). Similarly, the combinations without guard band between component carriers are shown in Fig. 2 and we have the same results. It is then concluded that, for the carrier aggregation `size of component carriers with different sizes, 300 kHz channel raster is obtained with the combination of (20+10) MHz or (10+5) MHz.
· Spectrum aggregation: It is suggested in our previous contribution [6] that spectrum aggregation for wider bandwidth is vital for mobile network operators. The motivation for spectrum aggregation are three-fold:
· Most of mobile network operators in the world have paid a lot of money for the operational carriers. The carriers are distributed across the spectrum. For example, Chunghwa Telecom (CHT) in Taiwan has 2x15 MHz in 900 MHz, 2x11.25 MHz in 1800 MHz and 2x15 MHz in 2.0 GHz. Furthermore, the maximum remaining licensed period exceed 10 years. Therefore, spectrum aggregation of existing licensed bands is highly possible.
· To take advantage of high spectrum efficiency of LTE and LTE-Advanced system, system migration of the existing users is necessary. 
· It is not easy to allocate a large number of contiguous carriers to a specific operator or service, especially for FDD mode. Therefore, non-contiguous carrier aggregation is inevitable for supporting wider bandwidth.
Although spectrum aggregation has the disadvantages of higher complexity and cost at RF transceivers, this option should still be specified in the technical specification to satisfy the practical requirements. On the other hand, support of wider bandwidth is an advance function and it is supposed to be dedicated for the superior terminals with higher computing power and reception capability.
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Figure 2 Carrier aggregation with different size of component carriers: (a) (20+10) MHz, (b) (20+15) MHz, (c) (20+5) MHz, (d) (20+3) MHz. No guard band between component carriers.

[image: image3.emf]CH14

Frequency

MHz

CH15 CH16 CH85 CH86 CH87

470 476 482 488

872 878 884 890

6 MHz

 Figure 3: TV bands in Taiwan and Americas
3. Deployment in TV Bands
In WRC’07, several newly identified carriers are allocated for IMT systems, including 450-470, 698-862, 2300-2400, and 3400-3600 MHz. Among these carriers, the TV band, i.e. 698-862 MHz, are especially attractive for system deployment. Currently, several analog switch off (ASO) projects are executed in different countries. Since a TV channel can carry more than 1 TV programs (e.g. 3 SDTV, 1 HDTV, and 20~30 QVGA programs in a 6 MHz bandwidth), therefore some TV channels are released after ASO and they could be used for advanced wireless access services, such as LTE and LTE-Advanced. However, the bandwidth of one TV channel could be 6(NTSC), 7 or 8(PAL) MHz, which are not defined in 3GPP LTE specifications [3-4]. Figure 3 shows the TV channels and the associated frequencies adopted in Taiwan and Americas.
There are three possible approaches for the deployment of LTE and LTE-advanced systems in TV Bands:

· The existing TV bands are void and new spectrum partition must be regulated to meet LTE and LTE-advanced specifications. However, the coexistence with digital TV might be a problem.

· The bandwidth compliant with current TV channel format should be defined in the future LTE-advanced specification.

· Both current TV channel format and supported bandwidth in LTE are reserved and the deployment of LTE-Advanced in TV bands is fulfilled through carrier/spectrum aggregation.
4. Conclusions
Some general agreements on the support for wider bandwidth are arrived in the previous meetings and e-mail discussions. Besides, we make the following further comments:
· Carrier aggregation with different size of component carriers is required from operator’s point of view. However, the spacing between component carriers should be a multiple of 300 kHz. Two possible combinations are (20+10) MHz and (10+5) MHz.

· Spectrum aggregation should be a mandatory or optional specification for supporting wider bandwidth.
· Support for the bandwidth of current TV bands should be addressed in LTE-Advanced.
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