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1 Introduction
From the WID [1], the followings were highlighted for a first phase:
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.

· 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
This contribution discusses the benefits/scenarios for the standalone NCT and provides the system level simulation results to see the benefits achievable from the standalone NCT.
2 Benefits/Scenarios for standalone NCT
The benefits/scenarios for the standalone NCT were highlighted in RAN1#66bis as follows:
· Enhanced spectral efficiency
· Improved support for HetNet

· Energy efficiency
It is noted that the above benefits/scenarios are generally applicable regardless of the NCT types between standalone and non-standalone NCT. Now that we have the non-standalone NCT, the following benefit/scenario can be further found with standalone NCT:
· Distribution of PUCCH provisioning

· Accessibility to NCT by non-CA capable UE
Enhanced spectral efficiency

The benefits for non-standalone NCT are the enhancement of the spectral efficiency by removing Rel-8 CRS, P-BCH, and PDCCH. As the standalone NCT would need to support the initial access procedure, P-BCH and EPDCCH with CSS (common search space) would be necessary. Therefore, the enhanced spectral efficiency with standalone NCT over LCT (Legacy Carrier Type) can be expected only by reduced Rel-8 CRS and removed PDCCH (i.e. the transmission of PDSCH/EPDCCH) can start from the symbol index 0).

Improved support for HetNet

By applying frequency domain ICIC to both EPDCCH and PDSCH, the improved support for HetNet can be expected. Time domain ICIC with ABS can be also facilitated without using CRS interference cancellation.
Energy efficiency

A dormant cell concept in LCT can be adopted to facilitate network energy saving by turning off during a certain period. There is a trade-off between the backward compatibility and the energy saving. On the other hands, as NCT is non-backward compatible, the network energy saving can be achieved without worrying about the backward compatibility.
In addition, in order for the network to practically achieve the network energy saving with carrier aggregation at the same site, standalone NCT as a primary cell can help to save the network energy. For example, when LCT and NCT are, respectively, used as a primary and a secondary cell, the practical network saving could not be achieved because LCT cannot be entirely turned off due to the CRS existence at every subframe. By allowing NCT in the primary cell in addition to the secondary cell, the more efficient network energy saving can be realized.
Distribution of PUCCH provisioning
In the scenario of LCT as a primary cell and non-standalone NCT as a secondary cell, the UL of the primary cell is determined by SIB-2 linkage to the DL primary cell (LCT). As the UL of the secondary cell given by SIB-2 linkage to the DL secondary cell (non-standalone NCT) cannot be used to transmit PUCCH, the PUCCH transmission is concentrated on the UL primary cell. If the standalone NCT is introduced, the standalone NCT can be a primary cell and the PUCCH resources can be effectively distributed to both UL carriers by properly configuring the primary cell for each UE.
Accessibility to NCT by non-CA capable UE

As the non-standalone NCT can be used as a secondary cell, only CA-capable UE can use the non-standalone NCT. This would allow the non-CA capable UE to be attached to the primary cell (LCT) only which could waste the resources. One solution could be that the carrier aggregation is mandatory for all Rel-12 UEs supporting non-standalone NCT (i.e. conditional mandatory). However, it is not attractive at all because it would cause the unnecessary costs by mandating the carrier aggregation in order to utilize NCT in implementation perspective. In addition, as pointed out in [2], considering Scenario 3 for small cell which is out of the macro coverage, the standalone NCT would be needed to be supported if NCT is used as the small cell scenario.
3 System level simulation
The system level simulation was performed to see the benefits by standalone NCT. We considered the following deployment scenario:
· Macro and pico cells are, respectively, deployed in 2GHz and 3.5GHz carrier frequencies.
· Macro and pico cells operate as the primary cell and the secondary cell, respectively.

· Both CA capable UE and Non-CA capable UE co-exist.

· The following two cases were compared (e.g. see Figure 1):

· Scenario 1 (not supporting standalone NCT)

· LCT (primary cell) – non-standalone NCT (secondary cell)
· Non-CA capable UE can camp on macro cell only while CA capable UE can camp on both macro and pico cells by CA.

· Scenario 2 (supporting standalone NCT)

· standalone NCT (primary cell) – standalone NCT (secondary cell)

· Non-CA capable UE can camp on either macro or pico cell while CA capable UE can camp on both macro and pico cells by CA.
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(a) Scenario 1 (not supporting standalone NCT)                            (b) Scenario 2 (supporting standalone NCT)
Figure 1 Scenarios for the simulation
The remaining simulation parameters are listed in the Annex.
Figure 2(a) shows the simulation results in terms of average and cell-edge throughput with 100% non-CA capable UE distribution. Figure 2(b) shows the gains of scenario 2 over scenario 1 with 880% in average throughput and 746.15% in cell-edge throughput. The large amount of gains mainly comes from the offloading effect to pico cells. The simulation case may not be feasible because the network will not use non-standalone NCT but rather use LCT if there is no CA capable UE. Therefore, the results would indicate the upper bound for the gain by using stand-alone NCT.
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(a) Throughput (Mbps/user)                                             (b) Gain of scenario 2 over scenario 1
Figure 2 Simulation results for 100% non-CA UE distribution
Figure 3(a) shows the simulation results in terms of average and cell-edge throughput with 50% non-CA capable UE and 50% CA capable UE distribution. Figure 3(b) shows the gains of scenario 2 over scenario 1 with 18.81% in average throughput and 341.38% in cell-edge throughput. The large amount of gains mainly comes from the offloading effect to pico cells. It is observed that the support of standalone NCT could bring about the large amount of gain compared to non-standalone NCT by allowing non-CA capable UEs to camp on the stand-alone NCT under the given simulation assumptions.
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(a) Throughput (Mbps/user)                                             (b) Gain of scenario 2 over scenario 1
Figure 3 Simulation results for 50% non-CA UE distribution
4 Conclusions
This contribution discussed the benefits/scenarios for standalone NCT in terms of:
· Enhanced spectral efficiency

· Improved support for HetNet

· Energy efficiency
· Distribution of PUCCH provisioning

· Accessibility to NCT by non-CA capable UE
The system level evaluations were also performed to prove the benefits of standalone NCT under the co-existence of non-CA capable and CA capable UEs. The simulation results showed that the support of standalone NCT can bring about the significant gains coming from the offloading effect to pico cells with 18.81% for average throughput and 341.38% for cell-edge throughput over non-standalone NCT with 50% non-CA capable UE distribution. Based on the discussions and the simulation results, it is proposed that the standalone NCT is supported.
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Annex. Simulation parameters

	Parameters
	Assumptions

	Deployment
	Heterogeneous networks with different CCs

	Number of Macro BSs
	57

	Number of Pico BS per Cell
	4

	Number of UEs per Cell
	30

	Carrier frequency for Macro cells
	2GHz

	Carrier frequency for Pico cells
	3.5GHz

	Channel model
	Macro IMT UMa / Pico UMi

	Bandwidth
	Macro BS: 10MHz, Pico BS: 10MHz

	Ratio of CA capable and non-CA capable UEs
	0%:100%, 50%:50%

	Antenna configuration, Tx power
	Macro BS: 2 antennas, 46dBm

Pico BS: 2 antennas, 30dBm

UE: 2 antennas, 23dBm

	Transmission scheme
	SU-MIMO

	Target BLER for outer loop
	10% BLER for the 1st transmission

	HARQ scheme
	CC

	Handover margin
	1dB

	Maximum number of retransmission (including the initial one)
	4

	Scheduler
	Max PF metric

	UE speed
	3km/h

	Scheduling granularity
	5 PRBs

	Traffic load
	Full buffer

	Maximum rank per UE
	2

	Receiver type
	Interference aware MMSE

	Feedback periodicity
	10ms

	CQI feedback granularity in frequency
	5 PRBs

	PMI feedback
	Rel-8 LTE codebook
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