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1. Introduction

Carrier/Spectrum aggregation have been proposed to support larger transmission bandwidths for LTE-A.  In this contribution we summarize the design aspects for carrier aggregation with focus on eNode-B requirements and complexity.
2. Carrier /Spectrum Aggregation Scenarios
LTE-A should be able to operate with transmission bandwidths up to 100 MHz with the DL and UL allocation being asymmetric or symmetric for both FDD and TDD.  As an example, two carriers of 20 MHz  each can be aggregated for a total DL bandwidth of 40 MHz while the UL can aggregate one 20 MHz and one 10 MHz carrier for a total 30 MHz BW on the UL.  
One of the primary requirements for LTE-A, that it should be fully backward compatible with LTE Release-8 which makes the career aggregation solution for bandwidth extension attractive.  The spectrum aggregation scenarios can be broadly classified in 3 categories, a) Intra-band adjacent, b) Intra-band non-adjacent and c) Inter-band.
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Figure 1. Spectrum Aggregation Scenarios for FDD
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Figure 2.  Spectrum Aggregation Scenarios for TDD

It is also suggested to allow certain combinations for carrier aggregation.  As an example, the following sets may be defined: {20, 20, 20, 20, 20}, {20, 10, 10, 5, 5}, {3, 3, 3, 3, 3} etc.
3. eNode-B LPA Design issues for Carrier /Spectrum Aggregation 

The design of e-NodeB’s LPA is critical for higher bandwidth support for LTE-A.  Current LPA technologies are capable of supporting 20-30 MHz modulation bandwidth at efficiencies required for today’s BTS.  Design issues impacting the LPA’s modulation and tuning BW are LPA device impedances and matching techniques, LPA linearization techniques and LPA efficiency techniques.  LPA tuning BW for LTE is expected to exceed 100MHz for allocations above 2GHz, however limitations in linearization and efficiency technology will limit practical LPA modulation BW to the range of 30-40 MHz in the near future. 
When BTS transmission BWs greater than supported by the LPA BW are required, or when migrating radios optimized for a single network BW to multi-network BWs (i.e. adding LPA power) is required, LPA combining techniques need to be considered. 

Techniques often considered for combining LPA resources include hybrid combining, cavity combining, coherent combining and combining using Fourier Transform Matrix.  The choice of combiner techniques depends on trade offs between design criteria such as cost, complexity, LPA bandwidth, total BTS transmission bandwidth and whether the bands to be combined are contiguous or non-contiguous. 

Hybrid combining is implemented by adding lossy combiners at the output of the LPAs to be combined.  Hybrid combining is low cost, relatively simple to implement, has wideband capabilities, is effective for both contiguous and non-contiguous bands but adds approximately 3dB of output loss to combine two LPAs.

Cavity combining is implemented adding cavity filters at the output of the LPAs to be combined. Cavity combining has wideband capabilities, adds approx 0.5dB – 1.5dB of output loss but looses its effectiveness for contiguous bands due to loss of isolation between ports as the cavity filters approach each others passband.

Coherent combining is implemented by using input splitters and output combiners.  In order for coherent combining to be effective, the signals must remain coherent (matched gain, phase, delay) through each of the LPAs combined.  Otherwise, the signals will not combine correctly resulting in power loss.  Coherent combining adds approx 0.5dB of output loss, is effective for contiguous bands but is limited by the BW of each LPA combined since both signals and therefore the total BW are routed through each LPA.  For example, if the BW of each LPA is 30MHz but the required total transmission BW is 40MHz, coherent combining would not be effective.  

Fourier Transform Matrix combining is implemented by using an input FTM and an output FTM.  Like coherent combining, the signals must remain coherent through each of the LPAs combined.  Also like coherent combining, FTM combining is limited by the BW of each LPA since both signals and therefore the total BW are routed through each LPA.
4. Data Aggregation and Control Channel Support 

As per [1], the aggregation of the data streams from different carriers can be done at the MAC layer or the physical layer. 
i) Aggregation of data streams at the MAC layer:

a. Multi-codeword (MCW) transmission on per carrier basis

b. Selection of AMC, HARQ and MIMO schemes on per-carrier basis

c. Same numerology, soft-buffer size, transport block size as LTE Release-8.

d. Multiple HARQ processes needs to be supported for a single user with multiple A/N.

e. eNode-B has to monitor multiple CQI reports from carriers being aggregated.

f. DL and UL should have the same number of carriers for FDD.

g. UL will loose the single carrier property of Release-8 if multiple carriers are supported on UL.

h. Minimal standardization and implementation impact.
i. Scheduler can choose the appropriate carrier for data transmission, if the interference on other carriers is above a set threshold.  As such, the UE only monitors a smaller subset of component carriers.
ii) Aggregation of data streams at the Physical layer:
a. MCW transmission over the whole aggregated carrier bandwidth resulting in larger PDU size than Rel-8.
b. Selection of AMC, HARQ and MIMO schemes over whole carrier bandwidth

c. One HARQ process per UE with single A/N.

d. Standards and implementation impact.
Control channel design is the key to efficient operation of an LTE-A system.  The following alternatives are considered 
i) Control channel on same component carrier as the data channel.

ii) Control channel always spans the entire bandwidth.

In case of (i), the control channel is always associated with the PDSCH corresponding to its carrier bandwidth which lends into a fully backward compatible design.  As an example, if a user is not scheduled in a particular bandwidth the control channel is not transmitted in that carrier.  With this design, the Rel-8 control structure can be reused with minor modifications.
The 2nd alternative has several disadvantages since the UE needs to monitor the control channel over the entire bandwidth. The disadvantages are, a) increased batter consumption at the UE, b) backward compatibility issues with Rel-8 UE’s and c) new DCI formats etc.
5. Conclusions

The following general principles are recommended when supporting larger transmission bandwidths for LTE-A:

a. Transmission bandwidths larger than 20 MHz be supported using carrier aggregation.

b. Limitations in linearization and efficiency technology will limit practical LPA modulation BW to the range of 30-40 MHz in the near future. 

c. When BTS transmission BWs greater than supported by the LPA BW are required, or when migrating radios optimized for a single network BW to multi-network BWs (i.e. adding LPA power) is required, LPA combining techniques need to be considered.
d. The carrier aggregation should be done over a set of pre-defined bandwidths

e. Reuse of existing LTE Rel-8 numerology, HARQ, AMC, transport block, soft-buffer size etc.

f. Minimal standards and implementation impact on the DL.

g. UL will lose the single carrier property of Release-8.  The multiple access scheme on the UL needs to be revisited.
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