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1 Introduction
In LTE-A, carrier aggregation is considered to support larger bandwidth up to 100MHz. In addition to the typical contigurous carrier aggregation, non-contigurous carrier aggregation should be supported. Among the configured component carriers, at least one downlink component carrier should transmit PSS, SSS and PBCH to enable UEs to make an access to the system. Some contributions [1-4] discussed the initial access procedure including uplink random access procedure, mainly focusing on the cases of DL/UL asymmetric carrier aggregation, e,g., more UL CCs are configured than DL CCs. In this contribution, we discuss initial access procedures in DL and UL with multiple CCs configured, such as frequency raster search and synchronization, system information acquisition and random access.
2 Discussion
2.1 Frequency raster search and synchronization
To perform intial cell search to camp on a component carrier in LTE-A systems, LTE-A UEs need to consider the following aspects on the frequency raster search of carrier aggregation:
· The center frequency of each component carrier would be located on the 100-kHz frequency raster.

· All or a part of component carriers have a backward compatible structure for the Rel-8 LTE UEs
· Asymmetric aggregation can be configured as well as symmetric aggregation between DL and UL component carriers
· Carrier aggregation, which is contiguous or non-contiguous,  can be configured separately in DL and UL
Figure 1 illustrates an example that the UE performs the search for a DL component carrier in an LTE-A system with multiple CCs. 
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Figure 1 – Component carrier search for the cases with the contiguous and non-contiguous carriers mixed
With frequency raster search function to find one of the aggregated carriers, UE try to detect PSS on 100 kHz frequency raster. If UE fails in detecting PSS for the current frequency raster, the UE can change the center frequency to the next 100 kHz raster and repeat the synchronization signal detection procedure. After successive detection of PSS and SSS, UEs can receive PBCH and SI for the acquired CC. 

Then, a certain component carrier (e.g. lowest frequency raster) may be crowded with UEs performing the DL/UL initial access. Even UEs with the capability to support multiple component carriers will detect only one CC in the initial access and receive system information from the acquired component carrier. In LTE Rel-8 specification, a cell broadcast one corresponding PRACH configuration to support uplink random access for UEs. Without knowledge of PRACH resources in other CC, most UEs would try to transmit PRACH sequences on the same CC. That is, PRACH resources in the lowest frequency CC can be more frequently used and most of Rel. 10 UEs try to camp-on that CC. This kind of situation will have impact in the load balancing between CCs.
2.2 System information aquisition
After detecting PSS, SSS and PBCH, the UEs will try to receive SI from the acquired CC. As discussed before, the UEs are not aware of the presence of other CCs and their configuration, such as the carrier frequency, bandwidth, etc., until the UEs receive the corresponding system information. In LTE-A systems with multiple component carriers configured, it could be beneficial in view of supporting flexible system operaitons that LTE-A UEs can acquire and camp on any of the configured DL CCs in general and can also transmit random access preambles on any of the configured UL CCs. In order to support this, some system information for the other CCs would need to be commonly carried via SI sent from each CC. More specifically, the following information could be signalled via SI from all DL CCs:
· Information on DL and UL component carriers
· Number of aggregated CCs, center frequency and bandwidth of each CC, etc.
· Linkage between each of the DL and UL CCs
· Cell ID, if different cell IDs are to be assigned to the CCs
· PRACH configuration in each UL component carrier
In addition to the system information for other CCs, information on LTE-A specific configuration will be included in the SI, e.g., LTE-A physical channel configuration, relay backhual subframe configuration, etc..
2.3 Random access
After completing the cell search and acquiring the system information, the UE needs to perform random access (RA) in UL to connect to the system. As addressed in Section 2.2, LTE-A UEs can get aware of the PRACH configuration in all the UL CCs configured in the system. The UE can select the CC to send a PRACH preamble. Upon successful reception of the PRACH preamble, the eNB would send the response on the DL CC linked to the UL CC. In Figure 2, we discuss PRACH preamble transmissions for the cases of various DL/UL CC configurations.
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Figure 2 – Various configurations for DL and UL carrier aggregation 
· Case 1: Symmetric aggregation
· DL component carriers are one-to-one mapped to UL component carriers. Rel-8 UEs would send RA preambles on the UL CC linked to the acquired DL CC. But, for LTE-A UEs, it’s possible to send RA preamble on any of the preferred UL CC, e.g., in cases that a UL CC has larger bandwidth than the other one.
· Case 2: Asymmetric aggregation (More DL CCs)

· Multiple DL component carriers are linked to a smaller number of UL CCs. In case that only one UL CC exists as shown in Figure 2, the same PRACH resource can be configured or multiple PRACH resources linked to each DL CC can be configured as shown in the figure as an example. In any case, LTE UEs will send RA preambles using the resource indicated via the system information received from the acquired DL CC. On the other hand, LTE-A UEs can send RA preambles using any of the PRACH resources irrespective of the acquired DL CC.
· Case3: Asymmetric aggregation (More UL CCs)

· Multiple UL component carriers are linked to a smaller number of DL CCs. In case that only one DL CC exists as shown in Figure 2, Rel.8 UEs will send RA preambles on the UL CC linked to the acquired DL CC. On the other hand, LTE-A UEs can send RA preambles on any of UL1 and UL2 CC. 
· Case 4: Case 3 with an UL CC for only LTE-A UEs
· Given that LTE Rel-8 UEs can access only UL1, the eNB could configure so that the PRACH transmissions from LTE-A UEs occur only in UL2, as shown in Figure 2 as an example. This way the eNB distribute the random access load between UL1 and UL2. 
3 Conclusion

In this contribution, we discussed DL/UL initial access in LTE-A systems with carrier aggregation. LTE-A UEs can acquire and camp on any of the configured DL CCs in general and can also transmit random access preambles on any of the configured UL CCs, based on the system information containing the configuration of DL/UL component carriers and PRACH resources in each CC. This way the eNB can control the load in each of the DL and UL component carriers.
4 References
[1] R1-090093, Samsung, “Initial random access in asymmetric carrier aggregation”, RAN1#55bis, Ljubljana, Slovenia, January 12 – 16, 2009
[2]  R1-090312, NTT DoCoMo, “Initial Access Procedure for Asymmetric Wider Bandwidth in LTE-Advanced”, RAN1#55bis, Ljubljana, Slovenia, January 12 – 16, 2009
[3]  R1-090210, LGE, “Initial Access Procedure in LTE-Advanced”, RAN1#55bis, Ljubljana, Slovenia, January 12 – 16, 2009
[4]  R1-090284, TI, “RACH Procedure for Asymmetric Carrier Aggregation”, RAN1#55bis, Ljubljana, Slovenia, January 12 – 16, 2009



































































1/4


_1306902307.vsd
Rel.8


Rel.10


DL1


DL2


UL1


UL2


DL1


DL2


DL1


DL1


UL1


UL2


UL1


UL1


UL2


Case 1


Case 2


Case 3


Case 4



