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1. Introduction
In [1], consecutive spectrum wider than 20MHz is mainly required to achieve higher performance and the target peak data rate of 100 Mbit/s for high and 1 Gbit/s for low mobility, meanwhile aggregation of the non-contiguous spectrum of Advanced E-UTRA can also be supported considering reasonable UE complexity. Also in [2], it states that both LTE-A and LTE Rel-8 terminals have capability to receive transmission. 

An email discussion has also been drastically held on the issues relevant to support for wider bandwidth in LTE-advanced. The main body of this paper aims to make a summary of the discussion where some topics already come to agreements in some extension and give further considerations and preferences on the rest of the high-level designs. 

2. Carrier Aggregation
2.1. Component carrier aggregation numerology 
Each component should have the same numerology as it for LTE R-8. 
· Bandwidth and frequency spacing: 

· Maximum: 110 PRB. The rest should be considered by RAN4 and the final maximum bandwidth can be decided according to the RAN4’s suggestion.
· The center frequency of each component carrier should be on 100MHz channel raster in both contiguous and non-contiguous carrier aggregation scenarios. The frequency spacing should be 15KHz. The advantage of these two considerations is from R-8 UE terminals’ perspective, all component carriers can be accessed by effective synchronization process. 15KHz frequency spacing grid can guarantee the same FFT and IFFT size for transmission/reception. 
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Figure 1 Example of Spectrum Utilization in LTE-A System with Bandwidth = 60MHz
· CP type and length: 
· In LTE-A, the existing CP types and lengths in LTE Rel-8 should also be supported.

· CP types for downlink and uplink and their combinations (which are supported by LTE Rel-8) configured based on per-component-carrier could be considered and the details need further cautious study.
· TDD DL/UL configuration

· In LTE-A, the existing DL/UL configuration in LTE Rel-8 should also be supported.

· DL/UL configuration based on per-component-carrier could be considered，particularly for the aggregation of non-contiguous carriers,  and the details need further cautious study. 

2.2. Spectrum utilization, guard bands component carrier spacing 
The main debate on spectrum utilization is focus on edge guard band of the whole system spectrum and middle guard band between component carriers. The length of edge guard band depends on the exact number of PRBs used and middle guard band, both of which need RAN4 views. Also, it should be noted the backward compatibility when considering the number of PRBs different from what is supported by LTE Rel-8. 
Middle guard band presented in RAN1 is the number of subcarriers kept between two component carriers. Some companies suggest that the middle guard band would be made use of to improve the spectrum efficiency [3] or to guarantee LTE-A only function, e.g. keeping the totally same functionality of LTE Rel-8 within 100 PRB and applying additional ones between 100PRB and 110PRB if the maximum of 110PRB is supported from RAN4’s view [4]. However, it must be noted that the interference, no matter between LTE Rel-8 terminals in LTE-A systems, LTE-A terminals or both of them in one LTE-A system, should be taken into account when considering the use of middle guard band:
In DL process, there is not interference problem at eNB due to the FFT process including all component carriers and correspondingly perfect orthogonality between sub-carriers. However, interferences would be caused by non-perfect RX filter response at UEs when no enough middle guard band is reserved
In UL, FFT is managed based on each UE terminal so that orthogonality among terminals can not be kept very well, that may lead to interference between each other in the middle guard band. Again, the non-perfect TX filters response also causes interference in this region. Furthermore, as discussed in late stage of Rel-8, interference would also be arisen due to PUCCH emission.
It may need RAN4 to view which interference, DL or UL, is more severe. 
2.3. Aggregation bandwidths and DL/UL asymmetry 
For FDD, asymmetric DL/UL bandwidth within one pair of component carrier is already supported in LTE R-8. Asymmetric traffic can be more efficiently supported by allowing different number of component carriers for DL and UL

For TDD, symmetric DL/UL bandwidth within one pair of component carriers is specified in LTE R-8, i.e. DL/UL bandwidths are the same from system perspective. In LTE-A, there is the same asymmetric traffic requirement as that in FDD. However it can be achieved by different DL/UL configurations. Consequently, it is suggested the same number of DL/UL component carriers and the same DL/UL bandwidth for TDD system. Some more detailed considerations are listed as below:
· Backward compatibility with LTE R-8: There is no doubt that the same DL/UL bandwidth can achieve better backward compatibility with LTE R-8.
· Asymmetric traffic can be effectively supported by different DL/UL ratios. It seems unnecessary to require different DL/UL system bandwidths on this point.
· The same DL/UL system bandwidth provides more opportunities on utilization of channel reciprocity for TDD which is important for transmission techniques such as beamforming, non-codebook precoding, etc. 
· A wider system bandwidth only for DL or UL is not allowed according to the current spectrum allocation for TDD. 
· TDD already has complex relations such as ACK/NACK relations between downlink and uplink within a single component carrier. Difference of component carriers’ numbers or system bandwidth between DL and UL may make relationships and processes more complicated. At the meanwhile, unbearable overhead, such as PUCCH, may be led to with asymmetric UL/DL component carriers.
For TDD, from UE perspective, it is allowable that DL/UL bandwidths / the number of DL/UL component carriers are different for UE capability based on its RF architecture, flexible scheduling and different traffic needs for specific UE. 
2.4. Non-contiguous carrier aggregation 
Considering dispersed spectrum resources and operator’s requirements, non-contiguous carrier aggregation should not be precluded. In E-mail reflector, it seems that designing schemes in RAN1 aims to keep agnostic to contiguous and non-contiguous carrier aggregation. 
However, differences of channel conditions among non-contiguous carriers have to be considered, particularly when two non-contiguous carriers are apart away a lot, such as 800MHz and 2GHz. Such aggregated carriers may cause some problems such as synchronization, power control and link adaptation. If the accurate synchronization, power control and higher data rate through link adaptation need to be achieved, the best way is to make these processes based on each component carrier. Moreover for non-contiguous carrier aggregation, some elements need to be considered further, such as allowed number of component carriers; spacing between component carriers; possibly maximum bandwidth non-contiguous carrier aggregation can be supported. 
2.5. All component carriers LTE Release 8 compatible 
Accessible to R8 terminals or not could be configurable by the operator, although at the early stage it shall be possible to configure all component carries accessible by LTE Rel-8 terminals. Hence, the influence to LTE Rel-8 introduced by LTE-A specific design should be minimized. However, it does not mean that further optimized design for LTE-A only carrier should be precluded.
2.6. MAC to physical layer mapping 
There are two alternatives in [5], which have been discussed in the later meetings and E-mail reflector. Alternative 1 presents that carrier aggregation is done at MAC layer where one transport block (two TBs in case of spatial multiplexing) is transmitted on each component carrier and HARQ retransmission are also based on per component carrier. Alternative 2 presents that carrier aggregation is done at physical layer where one transport block (two TBs in case of spatial multiplexing) is transmitted on all aggregated component carriers and HARQ retransmission is also done across all component carriers. 
Comparing these two alternatives, alternative 1 can maintain physical layer design as that in LTE Rel-8 such as the same TB size, soft buffer sizes and numerology per component carrier, which maximally reuses Rel-8 implementations. Such a design supports carrier dependent link adaptation and that is suitable and easy for both contiguous and non-contiguous carrier aggregation so that different services requirements can be achieved depending on different component carriers. Also this design benefits more efficient HARQ retransmission. However, the design per component carrier may bring more overhead in, such as ACK/NACK feedback, PDCCH etc. Reuse of the existing optimization in LTE Rel-8, such as ACK/NACK multiplexing or bundling for several component carriers, and some optimizations based on alternative 1, would be further considered to make the system more flexible and advanced. 
3. Conclusion
The following proposals are made in this paper:
· Each component should have the same numerology as it for LTE R-8. 

· The length of edge guard band depends on the exact number of PRBs used and middle guard band, both of which need RAN4 views.

· Suggestion on the same number of DL/UL component carriers and the same DL/UL bandwidth for system in TDD
· It shall be possible to configure all component carries accessible by LTE Rel-8 terminals
· Designing schemes in RAN1 should aim to keep agnostic to both contiguous and non-contiguous carrier aggregation

· MAC to physical layer mapping option 1 is preferred. The relative optimization and further consideration on LTE-A are not precluded
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