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1 Introduction
The support of up to 100MHz system bandwidth is required for LTE-Advanced to meet the ITU-R requirements. For this purpose, carrier aggregation was agreed in RAN1#53b. In this contribution, several issues related to carrier aggregation will be discussed: 

· Carrier aggregation and Rel-8 support ;
· MAC-PHY interface.
2 Carrier aggregation and Rel-8 support
To support Rel-8 LTE terminals using all component carriers, the centre (DC) sub-carrier of each component carrier should be aligned with the 100-kHz channel raster. For the carrier aggregation of continuous component carriers, there are two basic alternatives used to ensure the alignment of the centre sub-carriers for all the component carriers with the 100-kHz channel raster in previous meetings: 

· to reduce the number of useful sub-carriers per component carrier. 
· to add null sub-carriers between two adjacent component carriers. 
For the first method, Special RB (11 sub-carrier) has to considered which is difficult to exploit for Rel-8 UE. For the second method, the same question arises. What is more, its effect on pilot and PDCCH should be considered carefully.
 Regarding this issue, what we considered can be summarized the flowing points:

· The aggregation of a component carrier which bandwidth smaller than 20MHz should be supported

· For the aggregation of a large bandwidth component carrier(i.e. 20 MHz) and a small one(i.e.5MHz), it is not necessary to require the small bandwidth component carrier to support Rel-8 UEs
· For the aggregation of large bandwidth component carriers (i.e., the bandwidth of all component carrier is 20MHz), it may be necessary to require all the component carriers to support Rel-8 UEs. However, it is not necessary to require all the centre sub-carrier of each component carrier should be aligned with the 100-kHz channel raster.
In the following, we describe our points detailed in two cases.
Case 1:  aggregation of a large bandwidth component carrier and a small one

Regarding the aggregation of a large bandwidth component carrier and a small one, we think it is not necessary to require the small bandwidth component carrier to support Rel-8 UEs. Let’s take the aggregation of 20MHz component carrier and 5MHz for an example. If their centre frequency of the both component carriers is aligned with the 100-KHz channel raster, there are two main disadvantages at least. One is the synchronization signal overhead issue. Although the overhead of the P/S-SCH in 20MHz system is small, it is not a negligible overhead in small bandwidth systems such as 5MHz. The other is the problem of the equal access opportunity to systems with different abilities. Since both of the centre frequency of the two component carriers is aligned with the 100-KHz raster, Rel-8 UEs will camp on each of the component carrier with same opportunity. This will result in the unbalance payload and non-uniform interference across component carriers. 
From the above analysis, we will propose that the central sub-carrier of the larger bandwidth component carrier will be located on 100-KHz raster while it is not guaranteed that DC sub-carrier of the small bandwidth component carrier is also located on the 100-KHz raster. Because the number of R8 UEs that can camp on the small carrier is small, it will not bring too much payload for the larger carrier. At least the following two advantages of our proposal can be expected: 
· It is possible to use all the carriers uniformly;

· All Rel-8 UEs have the same relative comfortable experiences.
Case2:  aggregation of large bandwidth component carriers 

Considering the aggregation of two large width component carriers (i.e. two 20MHz),in order to ensure the alignment of each center sub-carriers for both the component carriers with the 100-KHz raster, one possible method is to insert 19 null sub-carriers between the two carriers. Here we propose a new approach that makes the Rel-8 UEs can camp on both component carriers without the insertion of the null sub-carriers. The main idea behind the proposed approach is that the eNodB could add some frequency offset for the P/S-SCH signal artificially if the centre frequency of the component carrier does not on the 100 KHz raster. In the following, this idea is detailed described through an example.
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Figure 1 the alignment of the centre frequency with the channel raster

Three component carriers is shown in figure 1 for illustration: the centre sub-carrier of carrier 1 is located on 100-kHz channel raster, while there are +15kHz/-15kHz offset for carrier 0/carrier 1 respectively. Assuming the received synchronous signal from carrier 1 is x (n) at terminals, the received synchronous signal from carrier 0/carrier 2 can be denoted
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. Here no radio channel is considered. 
It can be demonstrated 
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are orthogonal each other. We believe that is the basal reason that Rel-8 terminals cannot comp on carrier 0 and carrier 2. However, if we shift the synchronous signal in frequency domain +1/-1 sub-carrier before IFFT, The Rel-8 terminals can capture the synchronous signal in carrier 0/2 as if the centre sub-carrier of carrier 0/2 is on 100- kHz channel raster.
Regarding this method, there are two issues to be considered:   
· PBCH detection: To detect PBCH correctly, the terminals must detect the integral frequency offset correctly. For this issue, the consideration of us is that the terminals have captured the synchronous signal successful at this stage. Much information such as cell ID, reference signal, and prefix can be exploited to detect integral frequent offset. So it shall be not a diffcult task for terminals. 
· The number of component carriers that can be aggregated: According to the specification, there are 5 or 11 null sub-carriers between P/S-SCH and PDSCH. When the number of component carrier to be aggregated is beyond some limitation (i.e. more than 10 component carriers need to aggregate), the cell search performance of the proposed method may degrade. However, considering the requirement and complexity of implementation, we think the method is enough for the current requirement.
3 MAC-PHY interface
The type of interface between the physical layer and the MAC-layer was discussed in the previous RAN1 meetings, and there are two main options, as shown below：
· One TB and HARQ entity per component carrier

· One TB and HARQ entity for the overall aggregated component carriers

In the first option the data stream is broken down into multiple transport blocks, corresponding to multiple of frequency blocks at the MAC layer where each frequency block carries only one transport block, and in the second option one transport block is mapped across all configured component carriers.

With respect to signaling overhead and performance, the first alternative, where transport blocks are mapped within component carriers, link adaptation and HARQ can be performed efficiently; for the second alternative, where one transport block is mapped across all component carriers, the link adaptation and HARQ is less efficient. However, ACK/NACK and PDCCH overhead would be minimized in case of large transport block sizes. What’s more, frequency diversity and coding gain can be maximized.
Considering the capability, the location and the configured bandwidth of different UEs, a new type of interface between the physical and the MAC-layer is proposed. As is shown in figure 2, the option (3) has different size of transport block, and different transport block corresponds to different number of frequency block at the MAC-layer. With the proposed method, we can get well adaptation of different data requirement with the size of the TB and the number of the carriers, and also the link adaptation compared to option (2).On the other hand, the overhead of the PDCCH could be reduced on a large scale compared to option (1).
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Figure 2  interface between the physical layer and the MAC-layer
4 Conclusion

In this contribution, we have discussed the issue of Carrier aggregation and Rel-8 support. For different bandwidth of the component carriers for aggregation, the corresponding approaches are given. For the MAC-PHY interface, on the basis of two main options, a new option is given considering the ability and location of the UE. 
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