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1. Introduction
Carrier aggregation has been adopted to provide larger transmission bandwidth for LTE-A. And cell-specific asymmetric carrier aggregation could be applied for LTE-A FDD, i.e. different number of component carriers are aggregated in the downlink and uplink respectively. The random access procedure for the case of DL/UL asymmetric carrier aggregation has been discussed in [1-6]. It is pointed that there exists an difficulty for eNB to determine on which DL CC the UE camps during initial random access procedure and ambiguity exists in the following procedure correspondingly. Some possible solutions have been proposed and discussed in those contributions. Here we provide some further analysis on the solutions to this problem in random access procedure from physical layer and higher layers respectively.
2. Background
Figure 1 shows an example of the cell specific asymmetric carrier assignments for LTE-Advanced. As shown in the figure, one uplink component carrier may correspond to multiple downlink component carriers. Considering currently assumption, UEs(LTE-A & R8) can camp on one of the downlink component carriers after detecting SCH/BCH on it.
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Figure 1． Asymmetric Carrier Aggregation in downlink and uplink

In such a case, random access procedure will be performed as follows:

1．UEs camping on each of the downlink component carrier will transmit PRACH preambles in the single uplink component carrier and sharing the PRACHs on it.
2．eNB will transmit random access response as long as any of the PRACH preamble is successfully detected  successfully. 
In contention based random access, there would be an ambiguity for eNB since it can’t recognize the specific downlink component carrier on which the UE camps on by detecting the PRACH preambles in common PRACHs. It would impact eNB’s behavior in the following procedures and result in resource waste. So specific considerations are needed to make sure that random access can performed successfully with efficient resource utility.
Next section, we discuss some solutions to deal with this ambiguity. 
3. Discussion
The DL carrier’s ambiguity can be resolved by both physical layer and higher layers solutions during the random access procedure. Here we discuss them in detail separately and make a comparison.
3.1. Option I: Solutions by physical layer
Resolving ambiguity in physical layer requires assignment of different PRACH resources (Time/Frequency/ signatures) in each downlink component carrier. There are two approaches listed as follows to maintain backward compatibility with LTE release 8. 
Approach 1: Configure PRACH for DL carriers in different Time/Frequency resources
To distinguish the downlink component carriers, different PRACH configure parameters can be used in different downlink component carrier. In such case, each DL carriers broadcast different PRACH configure index or higher parameters nRAPRBoffset   to TDM or FDM PRACHs among DL component carriers. Hence, eNB monitors the PRACH preambles in specific PRACHs which are linked to the DL carrier and transmits random access response only in the corresponding DL component carrier. Thus to provide the same random access opportunities, eNB need to allocate x times (ratio of  the number of component carriers in DL to UL =x:1) as many UL resources for PRACH as in LTE release8. This approach can be concluded as follows:
· Pros：
· Distinguish DL carriers at first step of  random access procedure and no influence to the following procedures
· Backward compatibility is maintained for R8
· Cons：
· Occupy more UL resources
· Random access latency is increased if TDM method is applied
Approach 2: Configure different signatures for DL carriers in one common PRACH
Constrained by the system uplink bandwidth, approach 1 would waste uplink resources and decrease the uplink peak rate. Through configuring different signatures for DL carriers in one common PRACH, UL resources can be saved. Generally there are two solutions to achieve this:
1．Considering that the set of 64 signatures in a cell are generated from the first root sequence index as signaled on BCH, simple solution for allocating different RACH preamble sequences is to allocating disjoint preamble sets by indicating different root sequence index as the sequence generation start index [6]. 
2．Divided the set of 64 signatures into several groups, each group is linked to the specific DL component carrier. 
Thus eNB could recognize the detected preamble belonging to the corresponding DL component carrier, and sends the random access response on the specific DL carrier. By using this approach large amount of signature resources are required. The first solution will decrease the performance of signatures detecting since more root sequences which are not ideal orthogonal will be transmitted in one PRACH. The second solution will increase the signature collision probability because the available signature resource decreased. The pros and cons for approach 2 can be summarized as follows:
· Pros:   
· Distinguish DL carriers at first step of  random access procedure and no influence to the following procedures
· Backward compatibility is maintained for R8
· Cons:  
· Use more signature resources
· Increase the complexity of detecting algorithm
· Decrease the detecting performance of preambles
3.2. Option II: Solutions by higher layers
In case of asymmetric carrier aggregation, since eNB does not know the correct DL carrier the UE camps on at the event of RACH preamble detection, it should reply msg2 on all possible DL carriers attached to the UL carrier on which the preamble is detected to assure UE to receive RACH response successfully. In addition, msg4 may also need to be transmitted on each carrier so that more DL resource is wasted. Three approaches can be taken by eNB to avoid DL resource expense in the following procedure so that msg4 is transmitted only once.

Approach 1: Allocating Different UL grant for message 3 in different DL component carriers
In the approach, eNB can allocate the same T-C-RNTI and different UL resource by each DL carrier linked to the same UL carrier. When UE receives the RACH response on one DL carrier, it can transmit message 3 according to the UL grant carried on the DL carrier. Then eNB can distinguish the DL carrier linked to the UL carrier by means of UL resource position or MCS level used for message 3 transmission, so it can transmit only one contention resolution message on the corresponding DL carrier. Several UL grant allocation mode which maintain R8 compatibility are as follows.  

· TDM: transmit message 2 in different subframe on the multiple DL component carriers linked to the same UL component carrier so that message 3 can be transmitted on the different time.

· FDM: assign different frequency resources in one subframe by different UL grant on multiple DL component carriers linked to the same UL component carrier so that message 3  can be transmitted on different frequency resources.
· MCS: assign the different MCS level in one subframe by different UL grant on multiple DL component carriers linked to the same UL component carrier so that message 3  can be transmitted with different MCS levels.
· FDM+MCS：Mixture method of FDM and MCS
In TDM option, though Msg2 is transmitted in the different sub-frame position on the different carrier linked to one UL carrier, it is possible to assure the msg2 can be received by UE successfully as long as the sub-frame position of msg2 arriving isn’t beyond the receiving window. As the msg3 transmission is relative to the msg2, it will be transmitted in the different UL subframe corresponding to different DL carriers. eNB can thus identify the DL carrier on which UE camps according to the detected msg3 position in time domain. This method results in the considerable UL resource waste and PRACH preamble transmitting delay.
In FDM option, eNB can identify the DL component carrier on which the UE camps according to the detected msg3 position in frequency domain. If the msg3 transmission needs more than one PRB, the UL resource used for msg3 transmission corresponding to different DL component carriers can be partially overlapped to reduce the overhead as long as their starting position of UL resource is different. This method doesn’t lead to additional time delay compared with TDM mode. The disadvantage of FDM mode is that it will waste more UL resource when more DL carriers are attached to one UL carrier. The minimum waste of UL resource is N-1 RBs when N DL carrier is linked to one UL carrier. 
In MCS option, eNB can identify the DL component carrier on which the UE camps according to the detected MCS level for msg3 transmission in the same time and frequency resource. As different MCS level corresponds to different number of physical resources assuming same msg3 payload, eNB should allocate UL resource for msg3 transmission based on the lowest MCS level which consumes the most RB resource. This method has no extra time delay and the less UL resource waste compared to TDM or FDM solutions. However, the scheme introduces some complexity in blind decoding the MCS used for msg3 transmission.
In the end, eNB can also distinguish the DL carrier by both MCS level and UL RB position for msg3 transmission and achieve a good tradeoff between complexity and UL resource waste. All DL component carriers linked to one UL component carrier can be divided into groups and one MCS level is assigned for msg3 transmission in each group. The DL carriers in one group can be distinguished by different UL resource position allocated for msg3. 

Approach 2: Different T-C-RNTI to identify DL component carrier
When DL component carriers have the same physical cell ID, msg2 on each DL component carrier linked to the same UL component carrier can assign the same UL resource but the different temporary C-RNTI for msg3 transmission. eNB can identify DL component carrier by different scrambling for msg3. The method is backward-compatible with R8 UE without UL resource waste for msg3.  However, the scheme introduces some complexity in blind decoding the T-C-RNTI used for msg3 scrambling. Another demerit is that multiple temporary C-RNTIs will be occupied during random access procedure. 
Approach 3: To carry DL component carrier related information in RACH message 3 
In approach 3, eNB can distinguish the DL component carrier linked to the same UL component carrier by carrying index of the DL component carriers in msg3. It is a simple approach by allowing eNB to identify the DL component carrier only by MAC layer processing without L1 revisions. While the demerit is that definition of a new MAC CE is required, it is non-backward compatible with R8 UEs. In addition, the one reserved bit in the RRC connection request message can only identify two DL component carrier at most.

The comparison of different higher layer methods is summarized in Table 1.
Table 1: Comparison of different higher layer methods
	
	UL Grant

(TDM)
	UL Grant

(FDM)
	UL Grant

(MCS)
	UL Grant

(FDM+MCS)
	T -C-RNT
	Msg3

	Additional Msg3 transmitting delay
	Yes 
	No
	No 
	No
	No
	No

	Uplink resource waste  
	Highest
	High
	Low
	Medium
	No
	No

	Processing complexity
	Low
	Low
	Highest
	High
	Highest
	Low

	Waste of T-C-RNTI
	No
	No
	No
	No
	Yes
	No

	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes
	No


From the table, we propose that the methods of UL grant (FDM+MCS) would be a good choice if the ambiguity is to be solved by the higher layers.
3.3. Option III:  Configure DL carriers into groups and mix option I & option II
Considering the both pros and cons of option I & option II, we propose a combined solution to resolve this ambiguity. 
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Figure 2 PRACH allocated by groups in asymmetric carrier aggregation 

As shown in Figure 2, it is proposed to divide the downlink component carriers linked to a certain uplink component carrier into groups. Each downlink component carrier group has its exclusive PRACH resources (different PRACHs or set of signatures as discussed in option I). In such case, eNB sends random access response on all DL component carriers in the group which corresponds to the exclusive PRACH resource. Within group, different downlink component carriers can be distinguished by higher layers as discussed in option II.

This method can achieve a good tradeoff between PRACH configuration limitation and the efficiency of downlink resource utilization. For the solutions by physical layer, the waste of the UL resources is depended on the ratio of the number of component carriers in DL to UL. For the solutions by higher layers, the waste of the DL resources is depended on the random access load since eNB should send msg2 in all downlink component carriers as long as it detect a PRACH preamble .So we analyze two scenarios as follows and discuss a proper solution to them.
· If the total random access load in the asymmetric carrier aggregated system is not higher compared to LTE release 8, it is better to choose the options by higher layers such as the methods of UL grant (FDM+MCS)   since the DL resource would be more affordable. In such case, it can be considered as a special case of option III that all downlink component carriers are constrained into one group in downlink.
· If the total random access load in the asymmetric carrier aggregated system is significantly higher compared to LTE release 8, the method of TDM/FDM PRACHs should be used to release the random access load in each PRACH to ensure the RACH detecting performance, in such case, downlink component carriers are divided into several groups and through hierarchical distinguishing, it can save more DL resources..
4. Conclusion
In this contribution, several options to solve the DL component carrier ambiguity in initial random access procedure for asymmetric carrier aggregation are discussed. By taking the performance of RACH detecting, DL/UL resource utility and the access delay into account, we analyzed their pros and cons. It would help us to determine a more considerable solution to resolve the ambiguity.
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