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1 Introduction
In RAN Plenary #57 at Chicago, New Carrier Type for LTE has been approved [1]. According to the WI description, in the first phase, aggregation of NCT with a legacy LTE carrier will be discussed, and enhancements for transmission of data and control signals as well as support of UE mobility will be specified.
In this contribution, a couple of multiple-NCT-CC scenarios are presented to address some technical issues on NCT synchronization.
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Discussion
In Rel-11, synchronized and unsynchronized NCT CCs have been discussed [2]. In the synchronized NCT CC, the NCT CC is synchronized with a legacy CC in both time and frequency to the extent that the UE is not required to have separate processing for synchronization. On the other hand, in the unsynchronized NCT CC, the NCT CC is not synchronized with the legacy CC, and the UE must acquire the synchronization with the reduced CRSs, which are to be implemented in the NCT CC.
When we consider some sophisticated CA configurations, in which the legacy CCs and the synchronized/unsynchronized NCT CCs are all aggregated, as shown in Figure 1 and 3, we find some potential issues, which should be considered in conjunction with the NCT synchronization.
In Figure 1, one example of such configurations is illustrated. Here, there are two pairs of synchronized NCT CCs, with one of the two synchronized NCT CC being synchronized with the primary legacy CC and the other synchronized NTC CC being synchronized with the other legacy CC, which is a secondary CC.

However, it is not discussed whether this configuration, i.e. NCT synchronization with a non-primary CC, should be considered.
Proposal 1: It is requested that RAN1 discuss the case when an NTC CC is synchronized with a secondary legacy CC.

Proposal 2: The legacy CC with which an NCT CC is synchronized should not be limited to the primary CC.
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Figure 1 NCT synchronization with a secondary CC.
In general, the CCs transmitted from the same eNB antenna are considered to be synchronized. On the other hand, it is considered that the CCs provided from different transmission points (Scenario #4 and #5 in Figure 2) are not necessarily synchronized in time. Moreover, in scenario #5, it is possible that CCs are not synchronized in frequency as those remote transmission points are not RRH. Synchronization may be lost even in scenarios #1 - #3 when the CCs are inter-band-non-contiguous and/or the channel condition is not sufficiently good for synchronization.
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Figure 2 CA scenarios. (TS36.300 v11.0.0 [3])
Thus, in the multiple synchronized-NCT case as shown in Figure 1, it is desirable that the network provides the UE with some a priori information to support the UE CC synchronizations. It is expected that such information can significantly reduce the signal processing in the acquisition of CC synchronizations in the UE.
Proposal 3: The network should provide the UE with the inter-carrier synchronization information between the legacy CCs and synchronized NCT CC.
In Figure 3, another CA configuration that may be considered is shown. In this case, there are two unsynchronized NCT CCs with their synchronization being maintained within the two CCs although they are not synchronized with any of the legacy CCs. This configuration may be of concern when inter-band, non-contiguous CA is configured over the NCT CCs.
Proposal 4: It is requested that RAN1 consider a CA scenario with the multiple unsynchronized-NCT CCs being synchronized each other.
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Figure 3 Synchronization in unsynchronized NCT CCs.
3
Conclusion
In this contribution, some potential issues concerning the CC synchronization in the multiple-NCT-CC cases are discussed. 
Proposal:
1. It is requested that RAN1 discuss the case when an NTC CC is synchronized with a secondary legacy CC.

2. The legacy CC with which an NCT CC is synchronized should not be limited to the primary CC.

3. The network provides the UE with the synchronization information between legacy CCs and synchronized NCT CCs.

4. It is requested that RAN1 consider a CA scenario with the multiple unsynchronized-NCT CCs being synchronized each other.
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