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1 Introduction
In RAN1 #53bis, it was agreed that aggregation of multiple component carriers is considered for LTE-Advanced in order to support wider transmission bandwidths in both downlink and uplink carriers [1]. 
Though the exact combinations of carrier aggregation are not defined and RAN WG4 will study the supported combinations of aggregated component carrier and bandwidths, it is easily deducible that the downlink and uplink linkage used by a UE may not be the same with the cell-specific linkage. 
In this contribution, the initial access procedures supporting DL/UL asymmetric carrier aggregation, including cell search and random access procedure, will be discussed.
2 Carrier Aggregation

Depending on the downlink and uplink component carrier (CC) linkage as shown in Figure 1, the usage model of component carriers can be differentiated due to control channel interpretation and mapping. Figure 1 describes a simple example of DL/UL symmetric/asymmetric carrier configuration for LTE-Advanced. 
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Figure 1, (a) Symmetric carrier aggregation, (b) asymmetric carrier aggregation

In this contribution, we assume that a carrier aggregation is symmetric if a DL CC is linked with only a UL CC in a manner of one-to-one. Otherwise, any carrier linkage without one-to-one linkage is called asymmetric. Note that the carrier linkage can be defined as cell-specific or UE-specific one.
In the following, we describe initial access procedure when a cell is defined with multiple CCs where the carrier aggregation is asymmetric. For simplicity, each DL CC will be assumed to be backward compatible except the carrier gap between downlink and uplink carriers [2]. Note that any enhancement on initial access scheme for LTE-A UEs should be studied further regardless of the used carrier types. 
3 Initial Access Procedure for Carrier Aggregation
The initial access procedure contains the cell search procedure, BCH reception and random access procedure. 
3.1 Cell search and BCH reception 
Assuming the asymmetric carrier aggregation in Figure 1(b), we propose the following cell search and BCH reception procedure. 
· The UE performs cell search on 100 KHz frequency raster. 
· If UE detects SCH signal on one of aggregated DL CCs (DL carrier #0), and then UE receives PBCH in that DL CC. After receiving PBCH, DL BW, the number of Tx antenna, PHICH configuration are obtained.
· UE receives SI-2 through the DL CC #0. UL EARFCN, UL BW, and several physical channel configurations are acquired. 
· After the UE receives PBCH and SI-2, the information about paired UL CC (UL CC #0) corresponding to the DL CC (DL CC #0) is obtained.
This cell search and BCH reception procedure can be applied for both LTE Rel-8 UEs and LTE-A UEs. 
Especially for LTE-A UEs, it would be beneficial to receive the system information about DL and/or UL carrier configuration in the accessing cell (i.e. aggregated carrier configuration deployed in a cell) so that UEs’ cell search complexity does not increase according to system bandwidth when single component carrier is used for initial access. Whether initial access for LTE-A UE is allowed on a single DL CC or multiple DL CCs is FFS. 
3.2 Random access

Assume that asymmetric carrier aggregation is configured as shown in Figure 1(b), (i.e. UL EARFCN conveyed on DL CC #0 and #1 indicates UL CC #0 as paired UL carrier, respectively.) and a UE detects SCH signal on DL CC #0. Then, eNB should be able to identify the downlink CC which an initial accessing UE is attached. The following random access procedures can be considered for this purpose. 
· UE transmits RACH preamble on UL CC #0 based on the PRACH configuration in the received system information on DL CC #0. 
· Option 1 (DL CC identification with RACH MSG 1): Different PRACH parameters are transmitted on each DL CC [3]. Since different PRACH configuration is broadcast, eNB can identify the DL CC of the corresponding UE with the received preamble (MGS1). RACH response is transmitted on only one of DL CCs linked to a UL CC. 
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Figure 2, Random access procedure of Option 1

· Option 2 (DL carrier identification with RACH MSG 3): Each DL carrier broadcasts the same PRACH configuration. RACH responses need to be broadcast on multiple DL CCs linked to a UL CC. DL CC which a UE is accessing should be identified after MSG 3 reception. To enable this functionality, RACH response should have DL CC specific information as shown below:
Option 2-1: Multiple RACH responses with DL CC specific information are broadcast on all the related carriers. In this case, the RACH responses do not have any timing constraint among related DL CCs. DL CC specific information can be the UL grant resource location or temporary C-RNTI. 
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Figure 3(a), Random access procedure of option 2-1

Option 2-2: Multiple RACH responses with DL CC specific information may be broadcast on all the related carriers. In this case, the RACH responses do have relative timing among related DL CCs. Note that there exists RACH response timing window of 2~10 subframes in Rel-8. 
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Figure 3(b), Random access procedure of option 2-2
With the aforementioned random access procedure, we need to consider the corresponding impact on system deployment and resource waste. The following table summarizes the cost a system should pay to identify DL carrier.
Table 1. Comparison of random access procedures

	
	Pros
	Cons

	Option 1
	No DL resource waste
	RACH resource waste (e.g., reuse factor loss, multiple RACHes) or legacy impact

	Option 2-1

(Temporary C-RNTI)
	No RACH resource waste
	DL resource waste and temporal TC-RNTI restriction

	Option 2-2

(Different RAR timing)
	No RACH resource waste and no restriction on TC-RNTI
	DL/UL resource waste


4 Conclusion

In this contribution, we described initial access procedures supporting asymmetric DL/UL carrier aggregation. Our proposals can be summarized as follows:
· Extended system information for LTE-A UEs can be considered for cell-specific carrier configuration.

· For LTE Rel-8 UEs, RACH MSG 1 or MSG 3 can be used for DL CC identification. MSG 1 is preferable if there is no issue on system deployment and legacy impact. Otherwise, Option 2-1 with TC-RNTI is more preferable because there can be no UL resource waste. 
· Further optimization for LTE-A UEs is FFS
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