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1. Introduction

According to the WID of NCT in Rel-12[1], the discussion is divided into two phases. 

In a first phase, the specification of NCT being aggregated with a legacy LTE carrier will be focussed, and the benefits achievable from the standalone NCT over those achieved from legacy LTE and from the carrier aggregated NCT. In a second phase, enhancements to the New Carrier Type also considering the findings of the small cell related Rel-12 studies will be specified.

In this contribution, we discuss the carrier aggregated NCT and standalone NCT considering small cell deployment scenarios.

2. Motivation of standalone NCT
As stated in WID [1], removing legacy control signalling and reference signals reduces the interference and improve the spectral efficiency. These aspects are more important for efficient small cell operations where interference level is relatively higher, especially in indoor scenarios and denser small cell deployment scenarios such as HotSpot or HotZone [2]. Among many operators, three small cell scenarios were identified and captured in [3][4], which includes both co-channel between macro and small cell layer and isolated small cell clusters. Because of its benefit in greatly reducing interference which is crucial in dense small cell scenarios, applying NCT in small cell scenarios should be considered. 

Small cell scenario #1
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Figure 1: Small cell Scenario #1
In this scenario, small cells are deployed with high density and that macro cell and small cells are deployed in the same carrier frequency, where CRS collision avoidance and interference coordination between adjacent cells may not be easily done with the legacy backward compatible carrier type. Therefore, NCT is well fitted cell type for small cell deployment. As macro and small cells are operating in the same frequency, NCT deployed in small cell layer is expected to operate as standalone unless dual connectivity is supported even in co-channel case.
Small cell scenario #2a/2b
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Figure 2: Small cell Scenario #2a and #2b
In this scenario, one of candidate technique considered is to use dual connectivity between macro and small cell layer. Even with small cell layer used as U-Plane or data offloading purpose only, partial or full functionality of standalone NCT functionality is beneficial because some functionalities of Pcell may be needed for the small cell in case of non-ideal backhaul between macro cell and small cells. Furthermore, to support small cell data offloading by non-CA capable UEs in these scenarios effectively, NCT in small cell layer should support standalone feature. 
Small cell scenario #3
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Figure 3: Small cell Scenario #3
In this scenario, small cells are deployed without macro coverage and the UE should access to small cell as Pcell. It is straightforward that standalone NCT should be supported to provide benefits of NCT for the UEs in this scenario. Stand-alone new carrier type functionality can be useful to low-cost MTC UEs which supports only narrow-band operation and thus may not be able to read legacy PDCCHs. Thus, standalone feature enables flexible small cell deployments with NCT.
3. Required functionalities to support standalone NCT

In order to support standalone operation, the following functionalities are required.

· Broadcasting of System Information

If a small cell cannot be assisted by the macro Pcell, the small cell should broadcast MIB and SIB.  Then, new design for PBCH and PDSCH carrying SIB based on cell-common DMRS is required. 

· Random Access

Considering UL side of NCT, PRACH is required. It is not only for the standalone NCT, but also for the NCT aggregated to PCell in the other TAG. 
· Common Search Space

Another functionality for standalone operation is CSS, which is for the DCI formats scrambled with SI-RNTI, RA-RNTI, P-RNTI, and Temporary C-RNTI on DCI format 0. Depending on the design of dual connectivity in the small cells, CSS for the DCI formats scrambled with SI-RNTI, RA-RNTI, P-RNTI may be required for the aggregated NCT to the legacy carrier.
· Enhanced-PHICH

Standalone NCT will have the corresponding UL carrier or UL subframe(s) and enhanced-PHICH will be required for the HARQ-ACK for PUSCH. Enhanced-PHICH will also be required if non-cross-carrier scheduling is supported for carrier aggregated NCT. [5]

From the observation above, the basic functionalities to support standalone NCT might be required for the carrier aggregated NCT and configurability of these functionalities will help the flexible application of NCT.
4. Conclusion
This contribution discussed the benefits of NCT and functionalities to support standalone NCT. Our views are as follows:
· Observation 1: as macro and small cells are operating in the same frequency, NCT deployed in small cell layer is expected to operate as standalone unless dual connectivity is supported even in co-channel case
· Observation 2: with the standalone features, benefit of NCT is applicable for the non-CA capable UEs

· Observation 3: for the scenario without macro cell coverage, standalone feature is required for the flexible small cell deployments with NCT
· Observation 4: the basic functionalities to support standalone NCT might be required for the carrier aggregated NCT
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