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1 Introduction

In RAN #58, the scope of NCT[1] is revised. Work on performance and scenarios of new carrier type are introduced in first phase: 

· Evaluate the benefits achievable from the standalone New Carrier Type over those achieved from legacy LTE and from the carrier aggregated New Carrier Type 

· Identify the scenarios for the standalone New Carrier Type
The identification of scenarios of NCT will give guidance on system performance evaluation. This contribution discusses on several scenarios of NCT and gives our recommendation.
2 Discussion
2.1 Motivations and Scenarios for NCT 

It was indentified in Rel-11 that the enhanced spectral efficiency, improved support for Hetnet and energy efficiency are main considerations for NCT.
Enhanced spectral efficiency: Removing legacy control signalling (e.g. PSS/SSS/PBCH/SIB/PCH/PDCCH) and CRS improves the spectral efficiency. The ePDCCH can be adopted instead of PDCCH to improve the spectral efficiency of the DL control channel.
Improved support for Hetnet: When the legacy PDCCH and CRS are removed, the time domain interference coordination eICIC is no longer needed. 
Energy efficiency: When PCFICH/PHICH/PDCCH and CRS are removed, the entire subframe becomes empty when no data or CSI-RS is scheduled in the subframe. Base stations can switch off amplifier throughout the muted subframes to save power.
Scenarios can be summarized for the CA based NCT: 
Scenario 1: 
Macro cell use both f1 and f2 as shown in figure 1. The f1 is configured as Backward Compatible Carrier. The f2 is configured with NCT. The f1 is used as PCell and provide the system information for UE to perform initial access and mobility management. The f2 will have better spectrum efficiency, since the overhead is reduced, e.g. by around 15%.  The cell edge performance for f2 can be improved by frequency domain coordination. Energy saving can be also improved in f2. 
However, the whole system performance of this scenario should not be as efficient as that for scenarios for Hetnet. Thus, this scenario may not be used to study the system performance gain.
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Figure 1 Homogenous network with NCT and compatible carrier in each frequency
Scenario 2: 
Macro and small cell uses both f1 and f2 as shown in figure 2. The carrier in f1 is configured as backward compatible carrier through out macro and small cell. For f2 all cell configured as NCT.
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Figure 2 Heterogeneous network, NCT and compatible carrier in each frequency
In f1, the macro cell will transmit high power and compress the coverage range of small cell. The small cell coverage in f2 can be expanded, with the assumption that macro and small cells are controlled with low latency backhaul and the resources can be coordinated in frequency to avoid the interference to each other. Small cell in f1 will have higher interference from macro. It can offload the control to f2. However, the broadcast information in f1 is still suffered. Thus, to further expand range of small cell in f2, the macro cell in f1 can be used as Pcell in case of small cell radius or multiple TA. Table 1 gives possible configurations for an UE. 
Table 1
	Scenarios 2 to configure 2 cells to UE
	Macro (f1: backward compatible carrier,f2: NCT)
	Small cell(f1: backward compatible carrier, f2: NCT)
	Note

	Scheme 1
	f1, f2
	
	

	Scheme 2
	
	f1, f2
	

	Scheme 3
	f1
	f2
	Require small ISD (<300m) between cells, or, MTA.

	Scheme 4
	f2
	f1
	Small cell have small coverage in f1. Have low probability for this scheme.

	Scheme 5
	f1
	f1
	Operated by CoMP.

	Scheme 6
	f2
	f2
	Only for stand-alone NCT. Operated by CoMP.


Compared with scenario 1, scenario 2 is more matched with the motivation of NCT. It can be used to evaluate the gain of NCT and the scheme on top of NCT.
Scenario 3: 
Macro cell and small cell use both f1 and f2 but configure NCT differently. The scenario is shown in Figure 3.  
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Figure 3 Heterogeneous network, NCT and compatible carrier are switched in frequency for pico
In the scenario, the macro cell transmit compatible carrier in f1, the small cell transmit NCT in f1. The interference can be coordinated between each other. In f2 the carrier types is configured in another way. NCT can be muted in PDCCH region and coordination with the backward compatible carrier in the same frequency layer. In terms of coverage expansion, the small cell can be expanded in same extend in both f1 and f2, in the same time the co-site carrier aggregation is commonly supported.  
Scenario 3 can better support carrier aggregation than scenario 2. The coverage of a cell, whether it is small or macro, will be more consistent in both frequency layer. Table 2 further illustrates the possible configuration. 
Table 2

	Scenarios 2 to configure 2 cells to UE
	Macro (f1: backward compatible carrier,f2: NCT)
	Small cell(f1: NCT, f2: backward compatible carrier)
	Note

	Scheme 1
	f1, f2
	
	

	Scheme 2
	
	f1, f2
	

	Scheme 3
	f1
	f2
	In macro coverage. No need for small ISD or MTA.

	Scheme 4
	f2
	f1
	In small cell(coverage can be extened).

	Scheme 5
	f1
	f1
	Operated by CoMP.

	Scheme 6
	f2
	f2
	Operated by CoMP.


Scenario 3 can fully solve the issue of macro-to-small cell interference in compatible carrier than scenario 2. The latter will cause more over head in area of un-matched expanding zone between NCT and compatible carrier in small cell.
Scenario 3 meets the three motivation of NCT with better efficiency. It should be adopted with highest priority for evaluation NCT. 
2.2 Scenarios for standalone NCT 

For evaluation, the carrier in above scenarios can be all replaced with NCT. The overhead is reduced and the performance can be further optimized since ePDCCH, RCRS, ePBCH and ePHICH will be designed to be operated in Hetnet. 
In case of most of UEs are new UEs, NCT will tend to work in a larger bandwidth with combining number of smaller bandwidths. This can achieve better trunking gain.
3 Conclusion
In this contribution, we analyze the application scenarios for NCT. Three possible scenarios are compared. We propose following:
Proposal 1: Homogenous scenario should be used to study the system performance gain for NCT.
Proposal 2: Scenario 3 should be adopted with highest priority for evaluation NCT.  
4 Reference
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