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1 Introduction
In RAN1#53b, it was agreed to consider carrier aggregation (CA) to support wider system bandwidth beyond 20MHz [1]. Lots of contributions [1-4] have been proposed for designing schemes related to CA. Several key issues related to carrier aggregation have been raised in 3GPP RAN1 list, such as the need for guard band, backward compatibility, MAC to PHY mapping, etc, which will be discussed in the RAN1#55. In this contribution, we will give some analyses on these issues, especially in the backward compatibility between LTE and LTE-A.

2 Key issues 
2.1 The need for guard band 

During the development of LTE, RAN1 made the working assumption that the spectrum utilization of an LTE carrier was 90%, i.e., 10% of the channel bandwidth is unused to suppress out-of-band emissions. RAN4 used this figure to specify the number of resource blocks (RBs) for a given bandwidth. As the 10% guard band figure is a relative measure, the absolute guard band size grows with the transmission bandwidths. It was noted both by RAN1 and by RAN4 that for the largest LTE transmission bandwidths, smaller guard bands could be utilized [2]. So it needs to be investigated whether the proportion of guard band can be reduced to improve the spectrum efficiency in the continuous band scenario, such as 40MHz, 60MHz, etc. Contribution [2-3] has discussed this topic a lot and has given the simulation result, which seems to be attractive. 
Issue related to the guard band is the proposal that the adjacent component carrier should be aligned with 15 kHz, so that all the component carriers can be handled in a single FFT and the interference between the different component carriers can be decreased. Based on this idea, the guard band can be reduced or increased such that the distance between the center frequencies is on the multiple of 15 kHz.

From our understanding, the need for guard band in continuous spectrum deserves more investigations and should be consulted more in RAN4 firstly, while guard band is maintained same with R8 for each component carrier in discrete spectrum scenario, where bandwidth of each component carrier is not larger than 20 MHz.
2.2 UL/DL asymmetry 
For TDD, since each component carrier can do DL and UL, the symmetry is done through time domain configuration from cell perspective. For the UE, asymmetric DL/UL bandwidth can also be supported in addition to time domain configuration (number of subframes used for DL & UL).
Both in the DL and DL/UL aggregation, the same slot configuration in continuous spectrum aggregation is required to decrease the interference between the different component carriers.

2.3 Non-continuous carrier aggregation

Non-continuous carrier aggregation is more complex compared to continuous carrier aggregation, because it may need multiple sets of RF, which will bring great challenges to the UE implementation. Meanwhile if the different component carrier is far with each other, special considerations should be located on the difference propagation and Doppler feature, which will lead the handover and reference signal design issues. 

It is proposed that more investigations are suggested before the discrete carrier aggregation is supported in LTE-A and that the design should be agnostic to the spectrum scenario whether it is continuous or not. The complexity analysis is suggested to be consulted to RAN4. When the analysis input from RAN4 are given and the typical spectrum scenario is given, such as the distance and number of component carriers, the design in RAN1 can be optimized.
2.4 Compatibility between LTE and LTE-A

36.913 provides the backward compatibility requirements of Advanced E-UTRA and Advanced E-UTRAN with Release 8 E-UTRA and E-UTRAN
· An Release 8 E-UTRA terminal can work in an Advanced E-UTRAN
· An Advanced E-UTRA terminal can work in an Release 8 E-UTRAN 
To meet upper requirement, the bandwidth of each component carrier is suggested not to be larger than 20 MHz and the numerology is maintained same with Rel-8 design. Two ways are investigated to provide compatibility between LTE-A and LTE, which are fixed backward compatibility (LTE UE can access to each component carrier) and configurable compatibility (each component carriers can be configured to LTE compatible or LTE-A only).

From our understanding, fixed backward compatibility (LTE UE can access to each component carrier) brings the following advantages:
· Good backward compatibility with Rel-8 is preserved. It meets requirement of the operators that has deployed LTE Rel-8 system. These operators want to upgrade smoothly from Rel-8 to LTE-Advanced and at that time all existing Rel-8 terminals should not be affected by changing Rel-8 carriers to LTE-Advanced component carriers. This requirement can be straightforward achieved by guaranteeing that Rel-9 terminals can access all the component carriers.

· Strong flexibility is achieved. All the component carriers are flexible carriers, which are seen as Rel-8 carrier by Rel-8 terminals and as LTE-Advanced component carriers by LTE-Advanced terminals.  When adopting the flexible component carriers, the operators do not need to configure the component carriers between LTE Rel-8 and LTE-Advanced terminals and load balancing among the component carriers can be easily achieved. So the spectrum efficiency is increased by flexible component carriers.
· The new techniques can be adopted in UE specific  or subframe based way. For example: CoMP can be designed as the transmission mode 8; higher order MIMO can be designed as transmission mode 9.
By this, the UE can improve its performance while avoiding the new technique design in the whole cell. However, it is suggested not to preclude configurable backward compatibility before the evaluation of spectrum efficiency and overhead reduction is given.
2.5  MAC to PHY mapping

Related to MAC to PHY mapping, two options are given:

1) One TB and HARQ entity per component carrier;

2) One TB and HARQ entity for the overall aggregated component carrier;

Different option has its own advantage and disadvantage, which is analyzed in the following sides: transmission efficiency, overhead reduction, impact to standard. 

1) Transmission efficiency

a) Option 1 can choose the MCS for each TB on every component carrier, which can improve the reliability and spectrum efficiency;
b) Option 1 can avoid a larger TB retransmission, which will appeared in option2;

c)  Option 2 can get more channel coding gain.

2) Overhead reduction

a) In option2, RLC and MAC overhead on each TB can be decreased because one larger TB is employed;
b) In option2, HARQ and NACK/ACK information can be decreased based on some new design;

3) Impact to standard
a) More design of R8 can be reused for option1 compared to option2;
b) New RB mapping mechanism at the physical layer is according to the capability of the receivers.
Based on the above analyze, it is proposed that the two options are maintained before they are evaluated.

3 Conclusions
The contribution addressed several key issues of carrier aggregation in LTE-A:
1) Spectrum utilization: the need for guard band between the continuous component carriers is proposed to be investigated in RAN4. Component carriers should be aligned with 15kHz.
2) DL and UL asymmetry: For TDD, UE-specific asymmetric DL/UL bandwidth can be supported in addition to time domain configuration (number of subframes used for DL & UL).
3) Non continuous carrier aggregation: More investigations are needed for supporting non-continuous carrier aggregation and whether the spectrum is continuous or not should be agnostic to RAN1.

4) Compatibility between LTE and LTE-A: Fixed backward compatibility is preferred, but the configurable compatibility is suggested not to be precluded in this stage.

5) MAC to PHY mapping: Option 1 and Option 2 should be kept before detailed evaluation is given.
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