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1 Introduction

This contribution is a revision of R1-091241. Carrier aggregation is considered for LTE-Advanced to support larger bandwidth up to 100MHz. The baseline assumption agreed in RAN1#55 are: 
“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.” 
and 
“It shall be possible to configure all component carriers LTE Release 8 compatible.” 
Hence, we can observe in addition to the typical symmetric carrier aggregation, asymmetric carrier aggregation should be supported in LTE-A. Further LTE Release 8 compatible operation implies one downlink component carrier should be located on 100 KHz raster as well as SCH and PBCH should be transmitted.
Previous contributions [1-4] discussed the initial access procedure including cell search and random access procedure supporting DL/UL asymmetric carrier aggregation. In this contribution, we provided some further analysis on options for initial random access. 

2 Asymmetric carrier aggregation
Figure 1 shows an example of asymmetric carrier aggregation with two downlink component carriers and only one uplink component carrier. Here we can say both downlink component carriers are LTE Release 8 compatible. In the initial access procedure, UE may detect the SCH signal in either downlink component carrier, and then UE receives PBCH/BCH in the downlink component carrier. Here, the system information of both downlink component carriers will be linked to the same uplink component carrier. In particular, the physical random access channels for both 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 one downlink carrier and one uplink carrier, so it may require some special design for the operation of random access in asymmetric carrier aggregation. Two already proposed options are described 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 two downlink component carriers, two options exists as shown in Figure 2. These 2 options have been discussed in [1-4], in this contribution we provide further analysis especially for option 2. 
Option 1: Configure the different PRACH parameters for each downlink component carrier

Assuming a UE detects SCH and BCH in DL component carrier #0, 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 UEs attached to downlink component carrier #0, and vice versa, some other RACH preambles are exclusively used by UEs attached to DL component carrier #1.
2) eNB detects RACH preambles, and from the PRACH resource of the RACH preamble, eNB could know the correct downlink component carrier where UE is attached. E.g. eNB could know a UE attaching on downlink component carrier #0 has sent a RACH preamble. Hence eNB can respond 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. And eNB transmits HARQ ACK/NACK in DL 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

Assuming a UE detects 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 are shared by UE attached to any one of the downlink component carriers. 
2) eNB detects RACH preambles, however, eNB cannot 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. eNB has to transmit HARQ ACK/NACK in all DL carriers, since eNB doesn’t know which one is the correct DL carrier. 
4) After receiving RACH message 3 of the UE, eNB still doesn’t know which downlink component carrier is detected by 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 waste. However, to maintain the same collision probability as option 2, more RACH resource has to be reserved in Option 1, i.e. uplink resource overhead is increased. Especially for downlink heavy asymmetric carrier aggregation, e.g. 3-5 downlink component carriers and 1 uplink component carrier, the RACH resource overhead in uplink carrier may be a very large.
For option 2, all downlink component carriers share the same PRACH resource, less uplink resource overhead is required than option 1 for the same collision or latency performance. However, since eNB has no information to know which one is the correct downlink component carrier for a detected preamble, the waste 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. In fact, there are several solutions to overcome the DL resource waste of RACH message 4 and later messages, as is discussed in section 3.1.
We use Table 1 to summarize above analysis. 
Table 1: Comparison of the two options

	
	Option 1
	Option 2

	Uplink resource overhead 
	High  
	Low  

	Repetition of RACH msg2
	No 
	Yes 

	Repetition of PHICH for RACH msg3
	No 
	Yes 

	Repetition of RACH msg4
	No 
	Yes 


3.1 Modified procedure based on Option 2

In the above option 2, eNB doesn’t know the DL carrier UE attached even after the transmission of RACH message 4. Hence there exists downlink resource waste for RACH message 4 and later messages, to avoid such waste, information about the DL carrier UE attached needs to be signalled as early as possible. Some solutions are discussed in [3][4]. 
Alternative 1: Same temporary C-RNTI, but different UL grant for RACH response in different component carriers

The different UL grant can be realized by FDM or TDM or joint FDM/TDM resource allocation. For FDM, RACH responses sent in multiple DL component carriers are located in the same DL subframe, correspondingly multiple UL frequency resource for RACH message 3 are allocated in the same uplink subframe. For TDM, RACH response transmitted in  multiple DL component carriers are located in the different subframe using different RACH response timing (the size of RACH response window in Rel-8 is 2~10 subframes), then the subframe timing for RACH message 3 are different, due to the fixed timing relation between RACH response and RACH message 3. 

In this alternative, since the time and/or frequency resource for RACH message 3 are different for different DL component carrier, eNB could know the correct DL component carrier by correctly decoding RACH message 3. However, this alternative still causes the uplink resource waste in RACH response message 3. 

Alternative 2: Same UL grant, but different temporary C-RNTI for RACH response in different component carriers

In this alternative, different temporary C-RNTI are allocated in the RACH response in different component carriers. The scrambling code of RACH message 3 will be different, because the temporary C-RNTI is used in pseudo random sequence initialization. Hence eNB can distinguish which DL component carrier the UE is attached by correctly decoding of RACH message 3. 
In this case, the same uplink resource for RACH message 3 is allocated by the RACH response in each DL component carrier, hence there is no uplink resource waste. The only drawback is multiple temporary C-RNTIs are occupied. Actually, after correctly decoding RACH message 3 with one assigned temporary C-RNTI or when the maximum HARQ retransmission number for RACH message 3 is reached, all the unused temporary C-RNTI are released. In Rel-8, C-RNTI consists of 16 bits, which is a relatively large space, so it is likely that this approach would not cause C-RNTI space shortage. Comparing to alternative 1, this alternative provide a better trade off in the sense of overhead.  
Alternative 3: Revising RACH message 3 to include DL component carrier related information 

In this case, the DL carrier related information in RACH message 3 can be carried explicitly or implicitly. In explicit method, some bits for DL carrier identification are transmitted in RACH message 3, hence the size of RACH message 3 is increased a little. E.g. 1 bit is able to distinguish 2 DL carriers and 2 bits are enough for the identification of 4 DL carriers. In implicit method, the size of RACH message 3 is not changed, however, the bits for DL carrier identification are used to modify the scrambling code of RACH message 3, or to mask the CRC of RACH message 3. Multiple blind detections are required at eNB for the implicit method. 
The drawback of this alternative is it requires some modification of current Rel-8 specification, or Rel-8 UE cannot support such functions, but the revision is actually minimal.
The above 3 alternatives can avoid downlink resource waste for RACH message 4 and later message. And a short summary of the merit/demerit is shown in Table 2. 

Table 2: Comparison of the 3 alternatives
	
	Alternative 1
	Alternative 2
	Alternative 3

	Waste of uplink resource for RACH message 3
	Yes 
	No 
	No

	Waste of temporary C-RNTI 
	No  
	Yes  
	No

	Require change to Rel-8 specification
	No 
	No 
	Yes

	Waste of DL resource for RACH message 4 and later messages
	No 
	No 
	No 


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 waste for PHICH of RACH message 3 and RACH message 4 in option 2. And we also discuss three alternatives based on option 2. As conclusion, we suggest RAN1 can make final decision to consider proper trade off among three alternatives based on option 2 if there is no other optimized solution appears soon. We slightly prefer alternative 2 of the option 2 currently. 
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