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1 Introduction
Carrier Aggregation will be able to play key role in LTE-Advanced to support wider bandwidth than in Rel-8 LTE. System deployment scenarios in LTE-A support both symmetric and asymmetric carrier aggregation. 
However, concerns have been raised by many companies with the asymmetric carrier aggregation case, in which multiple downlink component carriers may be associated with only one uplink carrier. Under this situation, the configuration between uplink component carrier and downlink component carrier may cause a serious ambiguity problem since the eNB may not know which downlink component carrier is selected by the UE in order to perform the Random Access. 
In addition, there is another important aspect to be considered, that is, each component carrier, especially in non-contiguous carrier aggregation case, may have different propagation conditions, which cause different cell-service coverage for each extended component carrier. Thus, to address the ambiguity issue, it is necessary to take into account the propagation condition of each aggregated carrier.
2 Random Access and Carrier Aggregation
In LTE-A, basically both symmetric and asymmetric carrier aggregation are supported such as 2 DL carriers:1 UL carrier, 3 DL carriers:1 UL carrier. In the case of symmetric carrier aggregation, one-to-one mapping between uplink carrier and downlink carrier is obvious that there are no problematic issues for backward compatibility with Rel’8. Due to this backward compatibility, Random Access Procedure in Rel’8 seems to be kept even with asymmetric carrier aggregation. Generally, in case of asymmetric carrier aggregation, several downlink component carriers would be able to be associated with only one uplink component carrier. Therefore, asymmetric case could belong to the new categories in carrier aggregation, and three asymmetric deployment scenarios with the highest priority for LTE-A feasibility study have been identified by RAN4 [2]. 2-1(DL carrier:UL carrier) configuration is regarded as a general case (note that max asymmetric configuration of 3-1 is possible [2]). Under the mentioned situation, it is easily expected that, due to the ambiguity between downlink carrier and uplink carrier mapping, eNB may not recognize the downlink carrier selected by the specific UE for Random Access Procedure.
When asymmetric carrier aggregation is configured in the system, there could be a simple way to resolve ambiguity, where an eNB enables LTE and LTE-A UEs to connect only one downlink accessible carrier in order to reuse the same Random Access Procedure Rel’8 [3]-[5]. However, though this solution seems simple, it could also restrict the benefit of exploiting extended carriers such as UE-specific carrier aggregation, carrier camping, handover procedure, and so on. 
There could be another potential way such as dedicated PRACH concept [6]. In current Rel’8 system, downlink carrier information is not forwarded to the connected UEs either in a preamble transmission step or in the selection step of UE’s specific RACH region. In dedicated PRACH concept, ambiguity could be easily resolved either by RACH preamble time/frequency region partitioning or by preamble partitioning or by the eNB itself that it can transmit Random Access Response or broadcast the preamble information to the UE in the proper downlink carrier. There are three possible options as follows [6]:
· Dedicated PRACH for each downlink carrier

In this option, each downlink carrier is associated with either dedicated PRACH region in time/frequency with a same preamble set or common PRACH region in time/frequency with a different (dedicated) preamble set.
· Common PRACH shared among all downlink carrier
Random Access Response could be transmitted in all downlink carriers, and it would require changes to the current Rel’8 Random Access Procedure.
· Dedicated PRACH assigned only to a subset of downlink carrier.
In this case, the system in carrier aggregation environment would support only a subset of downlink carriers which is equal to the number of aggregated uplink carriers. Though this concept could clearly get rid of the ambiguity, load-balancing may become an issue since all UEs performing random access would use only a subset of downlink available carriers.
3 Carrier Aggregation with Different Propagation Features
To resolve ambiguity in Random Access, ‘cell-service coverage’ of each aggregated carrier should also be considered as briefly mentioned in section 1. 
3.1 Cell-service coverage of aggregated DL carrier
In carrier aggregation, propagation conditions of component carriers have already been discussed [7]. Generally, in case of non-contiguous carrier aggregation, each component carrier may have a different propagation condition caused by center-frequency variations. Therefore, the cell-service coverage of one component carrier could be different from that of other carriers. 
Currently, signal strength or SINR of the specific UE would become one of the major determinants in defining the cell-service coverage. The concept of the cell-service coverage is shown in Figure 1. (a) and (b) according to aggregated-carrier type such as non-contiguous case and contiguous case. As shown in Fig 1. (a), the coverage-hole (region), dependent on propagations profiles of aggregated carrier, could exist under the non-contiguous carrier aggregation situation. Here, only a portion of aggregated carriers could give the UE the connection service regardless of the UE’s location.
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Figure 1. The concept of the cell-service coverage:
(a) Non-contiguous carrier aggregation; (b) Contiguous carrier aggregation.
3.2 Cell-service coverage considering propagation conditions of each DL carrier
So far, in handling the ambiguity arising from asymmetric carrier aggregation, most of the solutions have been focused on the mapping relationship between downlink carriers and uplink carriers regardless of the cell-service coverage. Since a UE would belong to a specific cell-service coverage region, this UE could reach and successfully access the eNB only over those specific carrier components belonging to this cell-service coverage region. As shown in Fig. 2, the number of available component carriers is different depending on UE’s location, and all those downlink component carriers, which belong to a cell-service coverage region, could be equally and fully utilized by eNB. Thus, it is expected that we could better address the ambiguity issue in Random Access when we consider this cell-service coverage concept into account.
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Figure 2. The concept of the available component carriers depending on the cell-service coverage in non-contiguous carrier aggregation.
The cell-service coverage could be taken into account as follows:
· Option 1: Fixing the number of carriers in the cell-border.
Downlink/uplink carrier set is defined and fixed for each cell-service coverage region. 
· Option 2: Adaptively changing the number of carriers in the cell-border.
Downlink/uplink set is configured adaptively based on the cell-service coverage according to the UE’s location. This would increase the probability of successful random access since the UE would try random access only over those downlink/uplink aggregated carrier set belonging to its cell-service coverage region. This approach may require to modify certain portion of Random Access Procedure because the eNB should support adaptive downlink/uplink carrier set and sometimes broadcast this information to the UEs. 
4 Conclusion
In this contribution, we described the concept of cell-service coverage region as an important aspect in addressing the ambiguity issue arising from random access with asymmetric downlink/uplink carrier aggregation, especially in non-contiguous case. To summarize,
· Available component carrier should be determined by reflecting the propagation conditions or channel conditions of the component carriers, that is, based on the cell-service coverage. 
· Based on the propagation conditions of aggregated carriers especially in non-contiguous and asymmetric carrier aggregation, available downlink/uplink carrier set for random access could be adaptively determined according to the UE’s location. 
· To improve the performance and better address the ambiguity issue of the random access with carrier aggregation, the concept of the cell-service coverage should be taken into account.
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