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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 downlink transmission bandwidths larger than 20MHz [1]. In addition to the symmetric carrier aggregation, it will be possible to configure a UE to aggregate a different number of component carriers of possibly different bandwidths in the UL and the DL. RAN WG4 will study the supported combinations of aggregated component carrier and bandwidths.
In this contribution, the initial access procedure including cell search and random access procedure supporting DL/UL asymmetric carrier aggregation will be discussed.  

2 Carrier Aggregation

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

DL/UL asymmetry can be discussed in terms of the number of component carrier in DL/UL or the bandwidth size of DL/UL.
In this contribution, we assume that the different number of DL/UL component carriers for DL/UL asymmetry, and the number of DL component carriers is larger than that of UL component carriers. It is also assumed that the center frequency of each component carrier is located on the 100 KHz raster, and SCH, PBCH is transmitted on all DL component carriers for the backward compatible component carrier.
In the carrier aggregation for LTE-Advanced, DL/UL carrier configuration can be deployed in a cell-specific manner. That is, DL/UL carrier linkage of a cell can be configured in a symmetric or asymmetric manner as seen in Figure 1(a), (b), respectively. Within the cell-specific carrier configuration, UE-specific carrier assignment can be assigned according to the UE capability. For example, assuming that the carrier configuration deployed in cell A is symmetric as described in Figure 1(a), DL carrier #0, #1 and UL carrier #0 can be assigned to LTE-A UE 1, and DL carrier #0, #1 and UL carrier #0, #1 can be assigned to LTE-A UE 2. 
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 carriers (DL carrier #0), and then UE receives PBCH in that DL component carrier. After receiving PBCH, DL BW, the number of Tx antenna, PHICH configuration are obtained.
· UE receives SI-2 through the DL carrier #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 carrier (UL carrier #0) corresponding to the DL carrier (DL carrier #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, the information about DL and/or UL carrier configuration of a cell (i.e. aggregated carrier configuration deployed in a cell) could be additionally transmitted to inform the cell-specific carrier configuration. And, this can be conveyed by extended system information. Details definition and signalling method of the extended system information are FFS.
3.2 Random access

After cell search and BCH reception, the UE have to perform random access to establish the uplink timing alignment and to obtain the UE ID. Assuming asymmetric carrier aggregation as shown in Figure 1(b), (i.e. UL EARFCN conveyed on DL carrier #0 and #1 indicates UL carrier #0 as paired UL carrier, respectively.) and a UE detects SCH signal on DL carrier #0, the following procedure can be considered for initial random access. 
· UE transmits RACH preamble on UL carrier #0 based on the PRACH configuration in the received system information on DL carrier #0. 
· At the event of PRACH preamble detection on UL carrier #0, eNB broadcasts RACH response for the UE’s recognition. Since eNB does not know the correct DL carrier which the UE is attached to during cell search procedure, eNB can take the following options. [2]
· Option 1: RACH response is transmitted on only one of DL component carriers linked to a UL component carrier. Transmission of different PRACH parameters on each DL component carrier should be feasible. 
Random access procedure of option 1 is described in Figure 2. eNB can distinguish the DL carrier by recognizing the time/frequency/code space of the detected preamble. This option does not waste DL carrier resource for the initial random access while uplink carrier can waste its PRACH physical resource due to time/frequency/code domain expansion of RACH configuration. In case of time/frequency domain, initial random access latency can be affected if total RACH physical resource is constrained. 
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Figure 2, Random access procedure of Option 1

· Option 2: RACH response is transmitted on multiple DL component carriers linked to a UL component carrier. Each DL component carrier broadcasts the same RACH configuration.
In case of Option 2, eNB should response on all the possible DL carriers linked to the UL carrier at the event of RACH preamble detection. This causes waste of DL physical resource and possibly increase LTE-A UE’s blind detection complexity. Within this option, there are two possible RACH response transmission scenarios.
Option 2-1: RACH response can be transmitted on multiple DL component carriers in the same subframe as shown in Figure 3(a). 
Since there is no expansion in RACH time/frequency/code domain, UL carrier does not waste its resource. In this case, contents of RACH response on each DL carrier (e.g. Temporary C-RNTI, UL grant) could be different to identify DL carrier the LTE-A UE detected. After RACH response reception, LTE-A UE transmits MSG 3 using different RACH response contents and eNB can recognize the DL carrier which is used for cell search and BCH reception by the LTE-A UE.
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Figure 3(a), Random access procedure of option 2-1

Option 2-2: RACH response can be transmitted on multiple DL component carriers in the different subframe using different RACH response timing (2~10 subframes RACH response window size in Rel-8) as shown in Figure 3(b). 
In this case, eNB can identify DL component carrier which is used for cell search and BCH reception by different MSG 3 reception timing regardless of the contents of RACH response. However, only one grant among the multiple UL grants of DL component carriers is used for MSG 3 transmission, which results in UL resource waste.
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Figure 3(b), Random access procedure of option 2-2
· In case of the Option 1 is used for LTE-A carrier aggregation, PRACH parameter allocation should be designed without significant increase of UL resource overhead or performance impact on Rel-8 UEs. If Option 2 is adopted, the dynamic resource waste of DL and UL carrier should be minimized under the constraint of backward compatibility. In addition to above two options, if we can restrict the backward compatible configuration on DL component carriers, we can consider another approach (Option 3) where only one DL component carrier among DL carriers linked to the same UL carrier is available for initial access and the other DL carriers are not backward compatible. 
· After receiving RACH response, UE transmits RACH MSG 3 to eNB. 
· After receiving RACH MSG 3 from the UE, eNB transmits RACH MSG 4 on the DL component carrier.
This random access procedure can be applied for both LTE Rel-8 UE and LTE-A UE. 
3.3 UE-specific carrier assignment for LTE-A UEs
For LTE-A UE, the information about assigned DL/UL carrier (i.e. aggregated carrier assignment for a LTE-A UE) could be additionally transmitted to inform the UE-specific carrier assignment after random access procedure. 
As an example, consider a configuration depicted in Figure 4, where the symmetric DL/UL carrier aggregation is specified by DL/UL linkage (Rel-8 information). In this configuration, DL carrier #0 is linked to UL carrier #0 and DL carrier #1 is linked to UL carrier #1, which is broadcasted by the system information. Assume that an LTE-A UE of asymmetric capability [2DL and 1UL aggregation] accesses this eNB. It is natural that eNB should assign asymmetric DL/UL carriers (DL carrier #0, #1 linked to UL carrier #0 or DL carrier #0, #1 linked to UL carrier #1) for this LTE-A UE, i.e., UE-specific asymmetric carrier linkage (in addition to the information about cell-specific carrier configuration). 
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Figure 4, Example of UE-specific asymmetric carrier assignment
The information about UE-specific carrier aggregation for supporting LTE-A UEs can be transmitted by semi-static manner using UE-specific RRC signaling. Semi-static signalling is considered as a baseline for UE-specific carrier assignment. In addition, a kind of L1/L2 control signalling can be also considered to override semi-static UE-specific carrier assignment status if there may any essential necessity. Details of the definition and the signalling method for UE-specific carrier aggregation assignment are FFS. 
4 Conclusion

In this contribution, we describe an initial access procedure supporting asymmetric DL/UL carrier aggregation. As discussed in section 3, the application of common cell search and random access procedure for both LTE Rel-8 UEs and LTE-A UEs is very important design factor. In addition, it is carefully considered for design of initial access procedure in terms of the DL/UL resource overhead, blind decoding complexity, and the performance. Main proposals for asymmetric DL/UL carrier aggregation in the contribution are summarized as follows:
· Extended system information for LTE-A UEs could be taking into account for cell-specific carrier configuration.

· Based on the considerations in Section 3.2, it is desirable to ensure the random access procedure for both LTE Rel-8 UEs and LTE-A UEs in such way that the DL/UL physical resource is not wasted significantly. 
· UE-specific RRC signaling for LTE-A UEs can be considered as a baseline for UE-specific carrier assignment. In addition, L1/L2 control signaling can be considered to override semi-static assignment status if there may any essential necessity.
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