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1. Introduction
An updated WID on a new carrier type was approved in RAN#58 [1]. In the WID, RAN1 work is split into two phases. In the first phase, a benefit of a standalone NCT is to be evaluated and a scenario for the standalone NCT is to be identified. In the second phase, necessary means are to be specified for the standalone NCT and a macro-assisted NCT.
Meanwhile, scenarios and requirements for small cell enhancements were discussed in RAN plenary [2]. In the discussion, target scenarios for the small cell enhancements were defined from the viewpoints of deployment, spectrum, traffic and backward compatibility. The outcomes of the discussions cover many possible scenarios. However, due to a limited time frame of Rel-12 specification, the target scenarios should be prioritized from the many possible scenarios. Especially, the discussion on the NCT is related to the deployment scenario of small cell with/without macro cell coverage, i.e. the standalone/macro-assisted operation on the NCT.
In this contribution, we present our view on the scenario for standalone NCT to be evaluated and potential benefits of the standalone NCT as compared with the legacy carrier and the macro-assisted NCT.
2. Discussion
2.1. Deployment scenario for evaluating the performance of NCT
In the discussion on the small cell enhancement scenario, the density of small cell deployment was discussed and the following observation was made [2].
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As mentioned above, it is important to consider both dense and sparse deployment of small cell. Especially, some mechanism to off loading the data from macro node to densly deployed small cell node should be adopted so that operators cope with a huge traffic in densely populated areas. Therefore, in Re-12 NCT discussion, these scenarios should be taken into account since one of the main focuses of Rel-12 is small cell enhancement. Therefore, dense small cell deployment is one of the typical scenarios for evaluating the benefit of introducing NCT.
In the next section, we present our views on potential benefits of standalone NCT over legacy carrier type and/or macro-assisted NCT especially in the dense small cell deployment.

Observation 1:

· Dense small cell deployment is one of the typical scenarios for evaluating the benefit of introducing NCT.
2.2. Potential benefits of standalone NCT
In this section, we present our views on the potential benefit of the standalone NCT compared with the legacy carrier and the macro-assisted NCT. 
Comparison of standalone NCT with legacy carrier
As described in the WID, the NCT is expected to minimize the legacy control signalling and common reference signals. Therefore some Rel-11 mechanism may not be reused in the NCT. However the NCT with a reduced CRS and no legacy PDCCH may achieve some advantage compared to a legacy carrier.
Table 1 shows benefit of the standalone NCT compared with the legacy carrier. The benefit of the power consumption is achieved especially in the deployment scenario of the dense small cell. As for such deployment scenario, even when the macro cell is operated by the legacy carrier, the benefit of the improvement of the power consumption on each small cell node may not be small since total transmission power of all nodes within macro area could be relatively large. High density of small cell affects more severely to inter-cell interference. Moreover, the lower coding rate of legacy control signalling may be required due to the severe inter-cell interference. Therefore, the overhead may be the issue too in high density small cell deployment. Thus, reduction of CRS and removal of legacy control channels can improve them drastically.
Table 1: Comparison of standalone NCT to legacy carrier type
	Standalone NCT
	Legacy carrier type

	Overhead:

· Overhead due to legacy control channels and/or CRS could be reduced.

Power consumption:

· The denser the small cells are deployed, the smaller the required transmission power per an active small cell node is getting.
Inter-cell interference:

· Inter-cell interference can be reduced.
	Overhead:

· Each of densely deployed small cells has to reserve REs for legacy control channels and CRS.
Power consumption:

· The required transmission power per an active small cell node is tend to be constant irrespective to the density of small cell nodes.

Inter-cell interference:

· Inter-cell interference due to denser deployment is serious.


Observation 2:

· The performance improvements, such as reduction of overhead and an improvement of power consumption of eNB and inter-cell interference, are the potential benefits of the standalone NCT compared with legacy carrier type.
Comparison of standalone NCT with macro-assisted NCT

Even if most of the area is served by macro cells, some blind-spot areas, e.g. quite-closed indoor, may remain. At such locations, UE may not be able to receive signals with sufficient power from the macro cell.

Table 2 shows benefit of the standalone NCT compared with the macro-assisted NCT. The standalone NCT is an essential feature in order to operate the small cell out of the macro coverage. Moreover, standalone NCT itself does not require the additional signalling in the macro cell. However, new/modified signals and procedures for initial access may be needed on the NCT if legacy signals and procedures are removed. Since handover procedure is needed among small cells operated by the standalone NCT, the handover may frequently cause in the case of high mobility environment.
Regarding the macro-assisted NCT, the mobility among small cells could be simplified and discovery of small cell could be rather efficient because of assistance of the macro cell. However, it causes the significant constraint that the macro-assisted NCT restricts the usage of the small cell within the macro coverage.
Table 2: Comparison of standalone NCT to macro-assisted NCT
	Standalone NCT
	Macro-assisted NCT

	Service area of small cell:

· UE can enjoy services from small cell independently of macro coverage.

Initial access procedure:

· New initial access should be specified.
Handover:

· Handover procedure among small cells is necessary.
	Service area of small cell:

· Services from small cell can be provided only in the macro coverage area.

Initial access procedure:

· No new initial access is needed since UE can connect to macro node with legacy manner.
Handover:

· Handover procedure among small cells could be simplified.


From RAN1 specification perspective, the macro-assisted NCT does not have an exclusive relationship with the standalone NCT. The NCT can be just SCell under carrier aggregation. Therefore, the best way is to prioritize standalone NCT as single cell operation and then macro-assisted procedure can be studied as part of CA operation.
Observation 3:

· The standalone NCT is an essential feature in order to operate the small cell out of the macro coverage.
3. Conclusion

Based on the above discussion, we make several observations as follows:
Observation:

· Dense small cell deployment is a typical scenario for evaluating the benefit of introducing NCT.
· The performance improvements, such as reduction of overhead and an improvement of power consumption of eNB and inter-cell interference, are the potential benefits of the standalone NCT compared with legacy carrier type.
· The standalone NCT is an essential feature in order to operate the small cell out of the macro coverage.
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Small cell enhancement should consider sparse and dense small cell deployments. In some scenarios (e.g., hotspot indoor/outdoor places, etc.), single or a few small cell node(s) are sparsely deployed, e.g. to cover the hotspot(s). Meanwhile, in some scenarios (e.g., dense urban, large shopping mall, etc.), a lot of small cell nodes are densely deployed to support huge traffic over a relatively wide area covered by the small cell nodes. The coverage of the small cell layer is generally discontinuous between different hotspot areas. Each hotspot area can be covered by a group of small cells, i.e. a small cell cluster.








