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1 Introduction

Carrier aggregation is considered for LTE-Advanced to support larger bandwidth up to 100MHz. In addition to the typical symmetric carrier aggregation, it is agreed in RAN1 #55 as baseline assumption that “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.” Another baseline assumption agreed in RAN1#55 is “It shall be possible to configure all component carriers LTE Release 8 compatible.” To enable the LTE Release 8 compatible operation, it is commonly agreed that a downlink component carrier should be located on 100 KHz raster, and SCH and PBCH should be transmitted.
The initial access procedure including cell search and random access procedure supporting DL/UL asymmetric carrier aggregation were discussed in [1][2].  In this contribution, we provided some further analysis on the options for initial random access. 

2 Asymmetric carrier aggregation
Figure 1 shows an example of asymmetric carrier aggregation with 2 downlink component carriers and only 1 uplink component carrier. Here we assume both 2 downlink component carriers are LTE Release 8 compatible. 
For asymmetric carrier aggregation as Figure 1, UE may detect the SCH signal in either downlink component carrier, and then UE receives PBCH/BCH in that downlink component carrier. Here, the system information of both 2 downlink component carriers will be linked to the same uplink component carrier. In particular, the physical random access channels for both 2 downlink component carriers are allocated in the same uplink component carrier. 
However, the current random access procedure defined in the legacy LTE system assumes only 1 downlink carrier and only 1 uplink carrier, so it may require some special design for the operation of random access in asymmetric carrier aggregation. 2 options are discussed in section 3. 
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Figure 1: Asymmetric carrier aggregation
3 Initial random access
After initial cell search and BCH reception, the UE has to perform initial random access procedure to establish connection with eNB. Depending on how to configure PRACH parameters (e.g., time/frequency radio resources or sequence index) in system information of the 2 downlink component carriers, two options existed as shown in Figure 2. These 2 options have been discussed in [1][2], here we provide further analysis especially for option 2. 
Option 1: Configure the different PRACH parameters for each downlink component carrier

Let a UE detect SCH and BCH in DL component carrier #0, and then the initial random access procedure is:

1) UE transmits a RACH preamble on UL carrier #0 based on the PRACH configuration in the received system information on DL carrier #0. Such RACH preambles are exclusively used by UE attached to downlink component carrier #0. 
2) ENB detects RACH preambles, and from the PRACH resource of a RACH preamble, eNB could know the correct downlink component carrier where a UE is current attached. E.g. eNB could know a UE attaching on downlink component carrier #0 has sent a RACH preamble. Hence eNB can response this random access by only sending random access response in downlink component carrier #0. 

3) After receiving RACH response, UE transmits RACH message 3 to eNB on uplink carrier #0. 
4) After receiving RACH message 3 of the UE, eNB transmit RACH message 4 on downlink component carrier #0. 
Option 2: Configure the same PRACH parameters for each downlink component carrier

Let a UE detect SCH and BCH in DL component carrier #0, the corresponding initial random access procedure is:

1) UE transmits RACH preamble on UL carrier #0 based on the PRACH configuration in the received system information on DL carrier #0. Such RACH preambles might be used by UE attached to anyone of the downlink component carriers. 
2) eNB detects RACH preambles, however, eNB couldn’t know which one is the correct downlink component carrier for the UE sending a RACH preamble. Hence, eNB has to repeatedly send the RACH response in all downlink component carriers. 

3) UE only receives RACH response in downlink component carrier #0, and then UE transmits RACH message 3 to eNB on uplink carrier #0. 
4) After receiving RACH message 3 of the UE, eNB still doesn’t know the correct downlink component carrier for the UE, so again, eNB has to repeatedly transmit RACH message 4 on all downlink component carriers. 
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Figure 2: two options for initial random access
For option 1, eNB can distinguish the correct downlink component carrier of a UE by the resource of the detected RACH preamble, so it avoids the downlink resource wasting for RACH message 2 and 4. However, Option 1 may lead to higher collision probability of random access if the same RACH resource overhead as option 2 is kept and results in larger access latency. Or in other words, to maintain the same collision probability as option 2, more RACH resource has to be reserved. However, for downlink heavy asymmetric carrier aggregation, e.g. 3-5 downlink component carriers and 1 uplink component carrier, the PUCCH resource overhead is significantly high, hence minimizing the overhead of PRACH is preferred.
For option 2, all downlink component carriers share the same PRACH resource, the collision or latency performance is better than option 1 if same amount of PRACH resource are allocated. However, since eNB has no information to know which one is the correct downlink component carrier for a detected preamble, the wasting of downlink resource is inevitable. Firstly, eNB has to repeatedly transmit RACH response in all downlink component carrier; secondly, eNB has to transmit HARQ ACK/NACK in PHICH resource in all downlink component carriers until correctly receiving RACH message 3 or reaching the maximum number of retransmission; thirdly, eNB has to repeatedly transmit RACH message 4 in all downlink component carriers. 
The above analysis is summarized in Table 1. In general, both the above 2 options has the merits and demerits, and each option has its favorite application scenarios. At this early stage of LTE-A, we may study more on both options, and try to mitigate the drawback of them. Later, we may decide on keeping only one option or allowing both of them. 
Table 1: Comparison of the 2 options

	
	Option 1
	Option 2

	Collision probability or latency 
	Bad  
	Good  

	Repetition of RACH msg2
	No 
	Yes 

	Repetition of PHICH for RACH msg3
	No 
	Yes 

	Repetition of RACH msg4
	No 
	Yes 


4 Conclusion 
In this document, we provide some further analysis of the 2 options handling initial random access in asymmetric carrier aggregation. We find that there is resource wasting for PHICH of RACH message 3 and RACH message 4 in option 2. However, both options have merits and demerits. 
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