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1 Introduction
A work item for New Carrier Type (NCT) was approved in previous RAN#57 meeting [1]. The objective of the work item includes,

In a first phase specify the New Carrier Type being aggregated with a legacy LTE carrier. 

· Specify necessary enhancements for transmission of data and control as well as the necessary UE mobility support on the New Carrier Type.

In a second phase specify enhancements to the New Carrier Type also considering the findings of the small cell related Rel-12 studies (from RAN#60)

· Specify necessary means to allow standalone and macro-assisted operation on the New Carrier Type, including

· A broadcast mechanism to acquire system information, a common search space for ePDCCH and UE mobility support.

· If justified by the small cell related studies, specify necessary means to support a dual dormant / active state, which means DTX like eNB behaviour (with long DTX cycles) and corresponding UE procedures, with or without reduced CRS in the active state.

· Verify the suitability of the solutions specified in the first phase for the purposes of standalone New Carrier Type operations and small cells and update the necessary functionalities and signals if necessary.

· Specify corresponding UE and eNB core requirements

In this paper, we discuss the deployment scenario with both NCT and legacy carriers, on the same or different carrier frequencies. Both heterogeneous and homogeneous deployments are addressed. The relation of the work between phase 1 and phase 2 is also discussed. 
2 Prospect of NCT in Rel-12

The design of NCT is aimed at enhanced spectral efficiency, network energy saving and reduced interference. From the discussions in Rel-11, this may be accomplished by reducing the density of CRS and limiting the usage of the CRS-based channels, such as PDCCH. Sparse CRS would not only decrease the reference signal overhead but also alleviate the interference especially at low-to-medium loads. Time domain ICIC brings real SINR gain to UE-specific EPDCCH and PDSCH without the need of an IC receiver at UE. Frequency domain ICIC with EPDCCH may further improve DCI reception reliability, which is crucial for Het-Net and dense small cell deployments. Meanwhile, with the reduction of CRS, for some eNB implementations, the energy efficiency of the network may also be enhanced by allowing eNB to turn off transmission circuitry. In Rel-12, improving the NCT design continues, e.g. DMRS pattern optimization, etc. 
Both standalone and non-standalone NCT are within the scope of Rel-12 NCT work item. The standardization work is also divided into two phases. It was stated that [1]
In a second phase specify enhancements to the New Carrier Type also considering the findings of the small cell related Rel-12 studies (from RAN#60)

Nevertheless, many features and much of the design made for the non-standalone NCT may be applicable also for the standalone NCT. An example can be found in [2]. Standalone NCT can be considered as an enhanced non-standalone NCT. The specification starts from non-standalone NCT and only necessary enhancements justified for standalone NCT can be added to the non-standalone NCT design. In the first phase work we should consider the fact that there will be a second phase, and try to the extent possible to make decisions for non-standalone that do not limit the possible commonality between the non-standalone and standalone designs. On the other hand, it is impossible to foresee all the decisions that will be made in phase 2, and thus it is reasonable to [1]
Verify the suitability of the solutions specified in the first phase for the purposes of standalone New Carrier Type operations and small cells and update the necessary functionalities and signals if necessary.
Having the design of the standalone NCT build from the non-standalone NCT reduces the standard effort needed and would significantly reduce the testing and implementation. 

3 NCT for Heterogeneous Deployments
One of the target scenarios for NCT is a Het-Net deployment using Low-Power Nodes (LPN). The possible deployment of NCT and legacy carriers can be categorized into different carrier-frequency deployments, where NCT and legacy carrier are deployed on different carrier-frequencies (either in the same or different frequency bands), and same carrier-frequency deployment, where NCT and legacy carrier are deployed on the same carrier-frequency. We investigate both cases as follows.
3.1 Different carrier-frequency deployments of NCT and legacy carrier
One example of different carrier-frequency deployments of NCT and legacy carrier is shown in Figure 1(a) where a legacy carrier is employed at the macro eNB while LPNs deploy NCT in another carrier-frequency. In this case, there is no co-channel interference from macro eNB to LPN. With the improved interference situation and reduced CRS overhead, the NCT-based LPN is expected to provide high data rate services. Meanwhile the coverage and the support to legacy users are ensured by the legacy carrier of the macro eNB. Another possibility for the different carrier-frequency deployments of NCT and legacy carrier is demonstrated by Figure 1(b). With this deployment scenario, NCT is employed both in macro eNB and LPN in the same carrier-frequency. Compare to Figure 1(a), the available spectrum resources are fully exploited. NCT-based services would be available in macro cells while legacy user can also benefit from the deployments of legacy carrier-based LPNs. 
Different carrier-frequency deployments of NCT and legacy carrier is one natural approach and has been well investigated, and it is proposed that,

Proposal 1: Different carrier-frequency deployments of NCT and legacy carrier is the main scenario for this work item, and related issues for supporting non-standalone and standalone NCT need to be studied.
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Figure 1 different carrier-frequency deployments of NCT and legacy carrier
3.2 Same carrier-frequency deployment of NCT and legacy carrier
It is also possible to deploy NCT and legacy carrier in the same frequency, i.e., where CA is not used, with one example illustrated by Figure 2. Such a scenario could be considered when multiple spectrum resources are not always available, and is within the scope of phase 2.
For same carrier-frequency deployment of NCT and legacy carriers, with macro-assisted operation on the NCT, the same carrier-frequency deployment with legacy carrier may develop a CoMP-based structure where both macro eNB and LPN serve a UE simultaneously on the same carrier-frequency. For example, a Rel-12 UE may benefit from DL reception schemes similar to Dynamic Point Selection to receive transmissions from both serving points. Such a scenario requires ideal backhaul between the macro eNB and LPNs. Mobility control can be performed by the macro eNB. Nevertheless, as different carrier types are employed in the serving points, whether the existing CoMP schemes can be directly used and whether negative impacts on legacy carrier are existed needs further investigations.
Same carrier-frequency deployment of NCT and legacy carrier could be a practical scenario when multiple spectrum resources are not available, and it is therefore proposed that,

Proposal 2: The related issues for same carrier-frequency deployment of NCT and legacy carriers could be investigated in the phase 2 stage.
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Figure 2 same carrier-frequency deployment of NCT and legacy carrier
4 NCT for Homogeneous Deployments

Due to minimal legacy control signalling and common reference signals, the interference and overhead level on the NCT are expected to be significantly reduced compared to legacy carrier, at least for low-to-medium loads. While the main initial consideration for NCT is for Het-Net and small cell deployments, it is anticipated that the techniques developed in the first and second phases will also be available for deployment in a homogeneous environment. The typical deployment would be an NCT associated with a legacy carrier in the multi-carrier homogeneous deployment.
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Figure 3 Scenarios for NCT in homogeneous deployments
5 Conclusions
In this paper, we investigate possible deployment scenarios and use cases of NCT. The analyses toward homogeneous deployment as well as heterogeneous deployment are provided. Besides the conventional understanding that NCT and legacy carrier are deployed over different carrier-frequencies, we also show the possibility of same carrier-frequency deployment of NCT and legacy carrier. It is proposed that, 
· Proposal 1: Different carrier-frequency deployments of NCT and legacy carrier is the main scenario for this work item, and related issues for supporting non-standalone and standalone NCT need to be studied.

· Proposal 2: The related issues for same carrier-frequency deployment of NCT and legacy carriers could be investigated in the phase 2 stage.
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