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Introduction

In case of asymmetric component carrier (CC) configuration between downlink and uplink (e.g. 2 CCs in DL and 1 CC in UL) there is a need to resolve DL carrier ambiguity. This can be done within RACH procedure by resolving ambiguity either in physical layer or in higher layer. 
Resolving ambiguity in physical layer requires assignment of different PRACH resources (time/frequency/signature) for each downlink CC. In this contribution we discuss how these resources can be configured as different RACH resources and used to resolve DL carrier ambiguity with maintaining LTE backward compatibility.
Time/Frequency configuration
To distinguish DL CC number of UE attachment, different random access configuration can be used to each DL CC, where the sub frame timing of RACH preamble detection is easily translated into DL CC number. Among 64 RACH configurations, the number of possible combination is limited to the expected random access load and the UL system bandwidth. Since the RACHs for different DL CC should be allocated to different sub frames, the intersection of all the allocated configuration should be void. In addition the configuration has been specifically designed to avoid possible confusion with random access period of 3 sub-frames for each UL bandwidths except for the 20 MHz case, where it is minimized to 2 sub-frame.
On the other hand, to avoid the difficulty in allocating different random access configuration with null intersection, the same random access configuration can be assigned to each downlink CC. In this case, DL CC discrimination can be achieved by RACH frequency position which each DL CC should broadcast its own RACH configuration with. Although only one PRACH is available per sub-frame for LTE FDD, there might be multiple PRACHs on different frequency positions per sub-frame in case of LTE TDD mode. Therefore, it is possible to allocate different PRACHs to each DL carrier component by explicitly indicating different value on higher layer common parameter nRAPRBoffset, while backward compatibility is maintained.
Combination of different random access configuration and different frequency allocation can be also considered
Signatures configuration
Although time/frequency configuration can distinguish DL CC number by identifying the preamble detection location, they are not efficient in terms of radio resource usage, i.e., uplink subcarrier resource. In this section, we describe signature grouping method which can distinguish DL CCs with only used signature.

The set of 64 signatures in a cell are generated from the first root sequence index as signalled on BCCH.
1)  Different root sequence index

Considering that the set of 64 signatures in a cell are generated from the first root sequence index as signalled on BCCH, simple solution for allocating different RACH preamble sequences is to allocating disjoint preamble set by indicating different root sequence index as the sequence generation start index. Then different root index can be translated into different downlink CCs. However, this approach wastes too much sequence resource so that reuse factor can be decreased significantly by the number of downlink CCs. Though the reuse factor decrement can be possibly tolerable for small cell sizes only since one root index is needed for 64 signature generation, it is not favourable for large cell sizes where multiple root indices are used to generate preamble sequences.
2)  Grouping within one signature set

The grouping rule specified in LTE can be reused to assign signatures to each downk CC. A set of signatures is allocated for each time/frequency random access resource for each cell and the set can be divided into small signature groups as random access signatures for DL CCs. Note that there are three signature groups which are disjoint each other and span all the 64 signatures. The one signature group is assigned explicitly to be used for the non-contention based access. The other two groups (A and B) are used for the contention based access, and a UE selects group A or group B sequence depending on the message 3 information size and radio conditions. Also, note that this grouping rule is configurable and is broadcast on BCCH. Therefore in order to share the 64 signatures among downlink CCs, the grouping rule could be different for each CC. The simplest example would be such that each group is assigned to one CC. For instance the N signatures among 64 can be assigned only for downlink CC#1 (group A size is set to N) while the rest of signatures (N+1 to 64) would be assigned only for the downlink CC#2 (group A size is set to N, group B size is N+1 to 64 and the threshold that is required for selecting one of the two groups A or B is set such that groupe B is always selected). The illustrative example of signature grouping is shown as Figure below
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Conclusion

Resolving ambiguity in physical layer requires assignment of different PRACH resources (time/frequency/signature) for each downlink CC. In this contribution we discuss different LTE backward compatible options and introduce a scheme of signature grouping to resolve downlink ambiguity issue in case of asymmetric component carrier configuration.
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Exemple of cell signature allocation





Group A signatures that can not be used due to overlapping with CC#1  








Exemple of CC#1 configuration.�- Nb of preambles = 31�- Group A size = Any up to 31�- Group B size = 0 if Group A size = 31 else Group A size +1 to Nb.of preambles�- Threshold value for group selection = Any








Exemple of CC#2 configuration.�- Nb of preambles = 64�- Group A size = 31�- Group B size = Group A size +1 to Nb.of preambles�- Threshold value for group selection = Set to the value that Group A cannot be selected with








Signature assigned to�CC#2





Signature assigned to�CC#1
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