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1 Introduction

In the RAN#57 meeting, a WI [1] for New Carrier Type (NCT) was approved and later updated in the RAN#58 meeting [2]. The objective of the first phase mainly focuses on non-standalone NCT design and the justification of standalone NCT. The justification of standalone NCT includes:
· 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 firstly discusses benefits from the introduction of standalone NCT, and then discusses deployment scenarios for standalone NCT. Performance evaluations for standalone NCT are provided in comparison with non-standalone NCT and legacy carrier, in order to verify the benefits achievable from standalone NCT over non-standalone NCT and legacy carrier.
2 Scenarios and benefits of standalone NCT

As we discussed in [6], standalone NCT can be deployed in both heterogeneous networks (Het-Net) and homogeneous networks. From RAN1 perspective, the main motivations identified [3] for introducing a new carrier type for carrier aggregation over a legacy carrier (or a Rel-12 backward compatible carrier) is:
· Enhanced spectral efficiency

· Improved support for Het-Net
· Energy efficiency

The above motivations also are applicable for standalone NCT. In addition to these, standalone NCT has the following benefits, which address the drawbacks of non-standalone NCT.

· Benefit 1: Flexibility of NCT as PCell

As non-standalone NCT can only be configured as SCell, only SCell can get the benefits of NCT if there is no standalone NCT. Standalone NCT can provide the benefits of NCT on PCell for Rel-12 UEs. In future networks, it should be possible to dedicate the legacy carrier to legacy UEs.
· Benefit 2: Flexibility of NCT deployment independently of CA feature

· Benefit 2-1: NCT deployment in non-CA capable networks
Some operators’ business roadmap cannot match the specified Rel-10/11 features, e.g. CA (carrier aggregation) may be not supported in their networks, as they may not have multiple bands or may not implement CA in their networks even with multiple bands; such networks are non-CA capable networks. The benefits of NCT should not depend on the CA feature. However, non-standalone NCT depends on the availability of carrier aggregation, so it cannot be deployed in non-CA capable networks. On the contrary, standalone NCT does not have such limitations.
· Benefit 2-2: Load balancing for Rel-12 non-CA capable UEs
From UE’s point of view, non-standalone NCT can only be configured as SCell. It means that only the UEs with CA capability can be served by non-standalone NCT. CA capability is an optional feature for Rel-10/11 UEs and it is reasonable that CA capability will still be optional for Rel-12 UEs. Moreover, low-cost MTC UEs likely will not have CA capability to reduce cost and complexity. Therefore, since UEs without CA capability will exist, it is important to also allow this type of UEs to be served by NCT. Otherwise the network would not be able to efficiently provide load balancing compared to earlier releases where every carrier is directly accessible by non-CA capable UEs.
· Benefit 3: ICIC for common control channels
For non-standalone NCT, the common control channels, PBCH and PDCCH common search space, are present on the legacy carrier frequency, therefore, there is no chance to mitigate the inter-cell interference from common control channels on the legacy carrier frequency, even if there is no legacy UE. On the contrary, if standalone NCT is specified, new EPBCH and EPDCCH common search space can be designed to avoid inter-cell interference by allocating different resources to different cells. This would become increasingly beneficial as legacy UEs are replaced by Rel-12 UEs.
· Benefit 4: Support for non-ideal backhaul

If the backhaul between macro eNB and LPN (Low Power Node) is ideal, non-standalone NCT can be deployed in the LPN with assistance from the macro eNB legacy carrier. However, if the backhaul between macro eNB and LPN is weak, carrier aggregation cannot be operated according to Rel-10/11 mechanism. In this case, standalone NCT is one choice for deploying NCT. Note that other mechanisms for inter-eNB carrier aggregation with non-ideal backhaul are also under study in Rel-12.
As discussed above, standardization of standalone NCT is one way of providing support for efficient load balancing across frequency bands. More general solutions can also be considered, such as dual connectivity for supporting load balancing across inter-eNB bands [4], or support of load balancing across intra-eNB bands [5] for UEs that are not capable of conventional CA but support multiple RF chains. Dual connectivity may be introduced for more efficient support non-ideal backhaul but is still in the study phase. Thus standalone NCT should be considered for load balancing at this time.
Observation 1: Standalone NCT is expected to provide benefits over legacy LTE and non-standalone NCT for the following scenarios:

· NCT configured as PCell compared to legacy carrier configured as PCell for Rel-12 UEs
· For load balancing in non-CA capable networks and in the presence of non-CA capable UEs

· For providing interference mitigation of common control channels

· In networks with non-ideal backhaul between a legacy carrier and an NCT
3 Performance evaluation of standalone NCT in homogeneous networks
From the analysis in Section 2, it can be foreseen that deploying standalone NCT will bring benefits over deploying non-standalone NCT or a legacy carrier (or a backward compatible Rel-12 carrier). System simulations are conducted to evaluate the throughput gain with non-full buffer traffic. Four cases are considered, where two carriers are co-located for each macro sector. 
· Case 1 (L/L): The two carriers are both legacy carriers.
· Case 2 (L/NS): One carrier is legacy carrier, and another carrier is non-standalone NCT carrier.
· Case 3 (L/S): One carrier is legacy carrier, and another carrier is standalone NCT carrier.
· Case 4 (S/S): The two carriers are both standalone NCT carriers.
Notes: L stands for legacy carrier, NS stands for non-standalone NCT and S stands for standalone NCT.
Different non-CA-capable UE ratios are assumed in the simulations, where non-CA UEs can only access and be served by one legacy carrier or standalone NCT cell. Inter-cell interference from CRS/CSI-RS and PDSCH is modeled. The overhead of control channels is assumed the same for both the legacy carrier and the NCT in the simulation. It is assumed there is no interference between control and data channels in these simulations, so in practice a larger gain should be observed since more interference between control and data channels would be observed on a legacy carrier compared to an NCT. The overhead of transmitting system information on the standalone NCT is not modeled, but it would not significantly impact the results. Figure 1 gives the system simulation results where L/NS (left) and L/L (right) are used as baselines.
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(a) Performance gain of L/S and S/S over L/NS, λ=0.2
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(b) Performance gain of L/S and S/S over L/L, λ=0.2
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(c) Performance gain of L/S and S/S over L/NS, λ=0.4
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(d) Performance gain of L/S and S/S over L/L, λ=0.4
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(e) Performance gain of L/S and S/S over L/NS, λ=0.6
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(f) Performance gain of L/S and S/S over L/L, λ=0.6


Figure 1: cell-average gain and cell-edge gain of standalone NCT over non-standalone NCT and legacy carrier (UPT = User Perceived Throughput)
The simulation results show that both deployments of legacy carrier/standalone NCT and standalone NCT/standalone NCT outperform the deployment of legacy carrier/non-standalone NCT, especially when the ratio of non-CA UEs is high. 
· When the traffic load is low (λ=0.2), legacy carrier/standalone NCT brings at most 46% gain for average UPT and 61% gain for 5% UPT, due to better load balancing when the ratio of non-CA UEs is high, and overhead and interference reduction on one carrier. Standalone NCT/standalone NCT brings additional performance gain thanks to achieving overhead and interference reduction on both carriers, with 61% gain for average UPT and 90% gain for 5% UPT. 
· The performance gain increases with increasing traffic load, where significant gains are observed even for smaller ratios of non-CA capable UEs. When λ=0.6, legacy carrier/standalone NCT brings at most 122% gain for average UPT and  164% gain for 5% UPT, while standalone NCT/standalone NCT brings even more performance gain, with 137% gain for average UPT and 190% gain for 5% UPT. Note that the cell edge gain also benefits from load balancing, since the interference is not concentrated on a single carrier frequency.
Observation 2: Standalone NCT provides significant throughput gains over non-standalone NCT, especially in the presence of non-CA capable UEs.
Both deployments of legacy carrier/standalone NCT and standalone NCT/standalone NCT outperform the deployment of legacy carrier/legacy carrier, where the gain only weakly depends on the ratios of non-CA UEs and traffic load since all carriers are accessible by non-CA capable UEs.
· The deployment of legacy carrier/standalone NCT provide more than 10% gain for average UPT and more than 15% gain for 5% UPT, due to overhead and interference reduction on one carrier.
· The deployment of standalone NCT/standalone NCT provides about double the gain, since overhead and interference reduction gain is available on both carriers.
Observation 3: Standalone NCT provides 30% cell-edge throughput gain over legacy carrier in homogeneous networks with two carriers thanks to overhead and interference reduction.

The performance gain of standalone NCT over a legacy carrier observed in the evaluations is mainly expected from the following two points, as analyzed in section 2:

· Overhead reduction: the overhead of CRS in standalone NCT carrier is the same as that in non-standalone NCT carrier, but much less than that on a legacy carrier.

· Interference reduction: the reduction of CRS overhead reduces interference when the PDSCH is transmitted from the interfering cell(s). Additionally, the interference reduction increases the data rate and decreases the resource utilization, which results in additional interference reduction.

The performance gain of standalone NCT over non-standalone NCT is expected from:

· Load balancing between carriers: non-CA UEs can only access and be served by one carrier. Two standalone carriers provide more choice for serving cell selection of non-CA UEs, which in turn provides more available resource for non-CA UEs. 

An example of the CDF of the user’s perceived throughput is shown in Figure 2, where the ratio of non-CA UEs is 75% and the traffic load is λ=0.4 or λ=0.6. Most of UPT is increased when the number of standalone carriers increases because of the increased flexibility of load balancing among carriers. The additional gain of overhead and interference reduction can also be seen in Figure 2.
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(a) 75% non-CA UE, λ=0.4
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(b) 75% non-CA UE, λ=0.6


Figure 2: CDF of UPT when the ratio of non-CA UEs is 75%
Based on the system evaluation and analysis, we propose that:
Proposal: Standalone NCT has benefits over legacy LTE and non-standalone NCT.
· Standalone NCT should be specified in Rel-12.

4 Conclusion
This contribution discussed the scenarios and benefits of specifying a standalone NCT, in comparison with legacy carriers and non-standalone NCT. Based on the analysis, the following is observed:
Observation 1: Standalone NCT is expected to provide benefits over legacy LTE and non-standalone NCT for the following scenarios:

· NCT configured as PCell compared to legacy carrier configured as PCell for Rel-12 UEs

· For load balancing in non-CA capable networks and in the presence of non-CA capable UEs

· For providing interference mitigation of common control channels

· In networks with non-ideal backhaul between a legacy carrier and an NCT
System level simulations were provided, which demonstrated the expected gains of spectral efficiency thanks to better load balancing, lower overhead and lower interference in homogeneous networks with standalone NCT.
Observation 2: Standalone NCT provides significant throughput gains over non-standalone NCT, especially in the presence of non-CA capable UEs.

Observation 3: Standalone NCT provides 30% cell-edge throughput gain over legacy carrier in homogeneous networks with two carriers thanks to overhead and interference reduction.

In conclusion, the following is proposed:
Proposal: Standalone NCT has benefits over legacy LTE and non-standalone NCT.
· Standalone NCT should be specified in Rel-12.
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Appendix: simulation assumptions

	Parameter
	Values used for evaluation

	Performance metrics
	Non full buffer traffic: UPT(User Perceived Throughput)
User Perceived throughput = amount of data (file size) / time needed to download data. Time needed to download data starts when the packet is received in the transmit buffer, and ends when the last bit of the packet is correctly delivered to the receiver.

	Deployment scenarios
	Homogeneous network

	Simulation case
	3GPP Case 1

	eNB Tx power (Ptotal)
	46dBm in a 10MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz in FDD for each carrier

	Possible transmission schemes in DL
	SU-MIMO

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 2 antennas, 1 column, cross-polarized: X2.


For UE: 2 antennas, 1. cross-polarized: X

	Antenna pattern
	For eNB: 3D

	eNB Antenna tilt
	15 degrees.

	Antenna gain + connector loss
	14 dBi 

	Feedback scheme (e.g. CQI/PMI/RI/SRS)
	Periodic feedback with mode 2-1, 
Feedback period: 2ms

	Channel estimation
	Ideal

	Scheduling
	Joint scheduling among carriers

	UE receiver
	MMSE receiver model option1 in R1-110586

	DL overhead assumption
	3 PDCCH symbols
Legacy carrier: 2 port CRS with 1ms period
NCT: 1 port CRS with 5ms period
CRS frequency shift is modeled

For legacy carrier and NCT: NZP CSI-RS and ZP CSI-RS, period: 5ms

	Placing of UEs
	Uniform dropping

	Traffic model
	Non-full buffer traffic model 2 according to Section A.2.1.3.1 in [7]. Reading time D with exponential distribution 
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