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1. Introduction
One of the LTE-A enhancements is an asymmetric wider bandwidth configuration. Here, asymmetry refers to an unequal number of component carriers between downlink and uplink irrespective of the bandwidth of the respective carriers, although we shall assume in this contribution that the number of DL carriers is greater than the number of UL carriers. In the RACH procedure if 
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DL component carriers are linked to one UL component carrier in which the PRACH signal is detected how does the eNB resolve the DL carrier ambiguity? Possible solutions to this problem were presented in [1] - [3]. However, backward compatibility and RACH performance issues may need to be addressed with these solutions. In this contribution we present the merits/demerits of each of the proposed solutions in [1]-[3] and suggest some modifications.    
2. RACH Procedure
The asymmetric carrier aggregation principle is illustrated in Figure 1 (reproduced from [1]). 
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Figure 1 Example of asymmetric wider bandwidth configuration
We shall use the notation 
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 DL carriers and 1 UL carriers. After cell search and BCH reception the UE initiates the contention-based RACH procedure by transmitting the PRACH on the UL carrier indicated by the BCH. With multiple DL carriers the eNB needs to resolve the DL carrier ambiguity in order to send the random access response (RAR). The proposed solutions are enumerated below:

1. Option 1: broadcast different PRACH parameters - time/frequency/code resources - for each DL component carrier [1]. Hence from the PRACH transmission the eNB detects the DL carrier the UE is listening to.
2. Option 2: the RAR is transmitted from all DL component carriers linked to an UL component carrier [1]. 
3. Option 3: use only on DL carrier for initial access, i.e. restrict backward compatibility to only one DL carrier [2], [3] e.g. by not transmitting the PBCH/SCH from the other carriers. Alternatively, preclude LTE UEs by sending an indication in the reserved field of PBCH or dynamic BCH with some forward compatibility mechanisms [3]. 

The merits/demerits of these solutions are presented in Table 1.
	Options
	Merits
	Demerits

	Option 1
	1. Efficient DL transmission since RAR is transmitted only on the detected DL carrier.
	1. Increased UL overhead when using different time/frequency resources. It also places restrictions on eNB scheduler.
2. Restrictions in code allocation per component DL carrier may impact RACH performance (false alarm, missed detection).

	Option 2
	1. No impact on UL overhead
	1. Possibly inefficient use of the available DL bandwidth.

	Option 3
	2. No DL carrier ambiguity
	1. Some carriers are not backward compatible.
2. Cell search time cannot be improved by taking advantage of multiple carriers.


2.1. Proposed Solution

In this section we propose a modified RACH procedure for asymmetric carrier aggregation. First, we state constraints/objectives on any design, namely,

1. Forward compatibility for Rel8 UEs.

2. RACH performance in terms of missed detection and false alarm must be at least as good as the current Rel8 performance.

3. UL throughput for a 
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asymmetric pairing should be comparable to a 1-1 DL/UL pairing.

4. At this stage DL-UL asymmetry design should be agnostic to whether the carriers are contiguous or non-contiguous in the same or different RF bands.

Modified procedure

This is a refinement of Option 1 and 2 [1], where the RAR is transmitted from all DL carriers linked to an UL carrier. However, this may not be too inefficient because this is only required for a RRC_IDLE to RRC_CONNECTED state transition. On the other hand in Option 1, time/frequency/code assignment (preferred option in [1], [2]) must be semi-static which increases the overhead and restricts UL scheduling flexibility. Note that for contention resolution the eNB still may not know what DL carrier the UE is listening to. There are different options for signalling this information to the eNB, namely,
· In the RAR, the eNB provides as many UL grants for message 3 as there are DL carriers. The eNB can then detect the DL carrier from the actual UL grant used by the UE. Note that 
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 message 3 resources are wasted but this overhead may be acceptable given the relatively small size of message 3. Details of how the eNB maps an UL grant to a specific DL carrier are FFS.
· Explicit signalling of DL carrier information in message 3.

Explicit signalling can be enabled by utilizing the reserved field of the MIB [4]. Consider a 2-1 asymmetric configuration. The eNB uses one bit from the reserved field to signal which carrier it is transmitting this particular BCH on as shown in Figure 2. The UE transmits back this same bit value to the eNB in message 3 which indicates the DL carrier it is listening to. Note in Figure 2 that the carriers are not necessarily contiguous. For more than 2-1 asymmetry more bits would be required. However, it is unlikely that more than 4-1 asymmetry would be supported by RAN4 in which case a maximum of 2 bits would be required. There is a minimal impact to a Rel8 UE: it needs to decode extra one or two bits. However, the PHY/MAC layers are unchanged. 
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Figure 2 eNB explicit signalling of DL carrier

3. Conclusion

This contribution presents some modifications to earlier proposals on the RACH procedure for the asymmetric wider bandwidth configuration. We believe an acceptable solution for LTE-A is one that supports compatibility for LTE UEs and ensures that RACH performance is at least as good as Rel8. 
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