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1 Introduction

In the RAN1#72bis meeting, the scenarios and potential benefits of standalone NCT was discussed and several contributions [1]

 REF _Ref354565851 \n \h 
[2] showed significant performance gains of load balancing across carriers under the presence of non-CA capable UEs, in order to justify the benefits of Standalone NCT(S-NCT) over Non-Standalone NCT(NS-NCT) as well as Backward compatible Carrier Type(BCT). The next steps of justification of S-NCT for RAN1#73 meeting were suggested in [3] as the following:
Next steps for RAN1#73:

· Discuss further the above pros and cons 

· Consider some scenarios where the greatest benefits of S-NCT are claimed, and in those scenarios assess the benefits of S-NCT w.r.t. BCT, and w.r.t. BCT+NS-NCT when applicable:

· SCE scenario 1 with non-ideal backhaul from small cells to macro

· (co-channel, so NS-NCT is not applicable)

· SCE scenario 2a with non-ideal backhaul from small cells to macro

· (macro coverage exists, but non-ideal backhaul presents challenges for NS-NCT)

· SCE scenario 3

· (macro-coverage non-existent so NS-NCT is not applicable)

· Macro-only scenario

· single carrier (NS-NCT not applicable)

· dual carrier CA

· Include consideration of:

· load balancing

· relative complexity for UEs to support CA vs NCT

· proportion of non-CA-capable UEs

· proportion of NCT-capable UEs

· handling of non-NCT-capable UEs

This contribution provides the further performance evaluation of S-NCT in the SCE scenario 1 and macro-only scenario. Firstly, performance evaluations for S-NCT are provided in comparison with BCT for SCE scenario 1 in Section 2, and then performance evaluations for S-NCT are provided in comparison with NS-NCT for macro-only scenario in Section 3, in order to verify the benefits achievable from S-NCT over BCT and NS-NCT.
2 Performance evaluation of S-NCT over BCT in SCE scenario 1
In this section, system simulations are conducted to evaluate the throughput gain with non-full buffer traffic in SCE scenario 1. Two cases are considered as the following:
· Case 1-1 (B/B): The carriers deployed in macro cell and small cell are both BCT.
· Case 1-2 (S/S): The carriers deployed in macro cell and small cell are both S-NCT.
Notes: B stands for BCT; S stands for S-NCT.
	SCE scenario 1
	Macro cell
	Small cell

	Case 1-1 (B/B)
	BCT(f1)
	BCT(f1)

	Case 1-2 (S/S)
	S-NCT(f1)
	S-NCT(f1)


The performance gain of S-NCT over BCT observed in the evaluations is mainly expected from the following two points:

· Overhead reduction: the overhead of CRS in S-NCT is much less than that in BCT. Control channel overhead on NCT may also be lower than on BCT thanks to the use of EPDCCH.
· Interference reduction: the reduction of CRS reduces the inter-cell interference when no PDSCH is transmitted from the interfering cell(s), where this benefit increases along with the CRE (Cell Range Extension). Additionally, the interference reduction increases the data rate and decreases the resource utilization, which results in additional interference reduction for a fixed traffic load.

In the evaluation, the interference from inter-cell CRS/CSI-RS to PDSCH is modeled and CRS IC is not modeled to verify the minimum performance improvement for all type of Rel-12 UE. The overhead of control channels is assumed the same for both the BCT and the NCT in the simulation. It is assumed there is no inter-cell interference from control channels in these simulations, so in practice a larger gain should be observed since more inter-cell interference from control channels would be observed on a BCT compared to an NCT. ABS (Almost Blank Subframe) and CRE are utilized to provide a reasonable baseline, where any backhaul can be used and the same configuration of ABS and CRE are assumed for BCT and S-NCT for fair comparison, as shown in 
Figure 1. Figure 2 shows the performance gain of Case 1-2 (S/S) over Case 1-1 (B/B) with different CRE, where the detailed simulation assumptions can be found in Appendix 1.
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(a) Configuration of CRS and ABS in BCT
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(b) Configuration of CRS and ABS in NCT


Figure 1 Configuration of CRS and ABS in BCT and NCT
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Figure 2 Performance gain of S-NCT over BCT in SCE scenario 1(UPT = User Perceived Throughput) 

From the system evaluation, S-NCT significantly outperforms the deployment of BCT in SCE scenario 1, where traffic load is medium and resource utilization is about 25% for NCT and 35% for BCT.

· Comparing with BCT, S-NCT can provide 42% gain for average UPT and 28% gain for 5% UPT when CRE is 3dB.

· Along with the increase of CRE, the gain of both average UPT and 5% UPT will increase, and about 56% gain for average UPT and 86% gain for 5% UPT will be achieved when CRE is 9dB.

Observation 1: Comparing with BCT, S-NCT provides 56% performance gain for average UPT and 86% gain for 5% UPT when CRE is 9dB in SCE scenario 1, thanks to reduction of both overhead and interference.
3 Performance evaluation of S-NCT over NS-NCT in macro-only scenario
In this section, we cite our system simulations of the throughput gain with non-full buffer traffic in macro-only scenario, which had been proposed in [1]. Three cases are considered, where two carriers are co-located for each macro cell. 
· Case 2-1 (B/NS): One carrier is BCT, and another carrier is NS-NCT.
· Case 2-2 (B/S): One carrier is BCT, and another carrier is S-NCT.
· Case 2-3 (S/S): The two carriers are both S-NCT.
Notes: B stands for BCT, NS stands for NS-NCT and S stands for S-NCT.
	Macro-only scenario
	Macro cell

	Case 2-1 (B/NS)
	BCT(f1) + NS-NCT(f2)

	Case 2-2 (B/S)
	BCT(f1) + S-NCT(f2)

	Case 2-3 (S/S)
	S-NCT(f1) + S-NCT(f2)


The performance gain of S-NCT over NS-NCT is expected from:

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

Different non-CA-capable UE ratios are assumed in the simulations, where non-CA UEs can only access and be served by BCT or S-NCT. Inter-cell interference from CRS/CSI-RS and PDSCH is modeled. The overhead of control channels is assumed the same for both the BCT and the NCT in the simulation. It is assumed there is no inter-cell interference from control channels in these simulations, so in practice a larger gain should be observed since more inter-cell interference from control channels would be observed on a BCT compared to an NCT. The overhead of transmitting system information on the S-NCT is not modeled, but it would not significantly impact the results. The issue of handling of non-NCT-capable UEs is discussed in [4]. Figure 3 shows the performance gain of Case 2-2 (B/S) and Case 2-3 (S/S) over Case 2-1 (B/NS) with different λ. The detailed simulation assumption can be found in Appendix 2.
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(a) Performance gain of B/S and S/S over B/NS, λ=0.2
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(b) Performance gain of B/S and S/S over B/NS, λ=0.6


Figure 3: User perceived throughput (UPT) gain of S-NCT over NS-NCT in macro-only scenario
The simulation results show that both deployments of BCT/S-NCT and S-NCT/S-NCT outperform the deployment of BCT/NS-NCT, especially when the ratio of non-CA UEs is high. 

Observation 2: S-NCT/S-NCT configuration provides up to 137% performance gain for average UPT and 190% gain for 5% UPT over BCT/NS-NCT configuration in the presence of non-CA capable UEs ratio in macro-only scenario, thanks to load balancing.
Based on the system evaluation and analysis, we propose that:
Proposal: S-NCT has benefits over BCT and NS-NCT in SCE scenario 1 and macro-only scenario.
· S-NCT should be specified in Rel-12.
4 Conclusion
This contribution provides system level simulations results for SCE scenario 1 and macro-only scenario, which demonstrated the expected gains of spectral efficiency thanks to better load balancing, lower overhead and lower interference with S-NCT.
Observation 1: Comparing with BCT, S-NCT provides 56% performance gain for average UPT and 86% gain for 5% UPT when CRE is 9dB in SCE scenario 1, thanks to reduction of both overhead and interference.

Observation 2: S-NCT/S-NCT configuration provides up to 137% performance gain for average UPT and 190% gain for 5% UPT over BCT/NS-NCT configuration in the presence of non-CA capable UEs ratio in macro-only scenario, thanks to load balancing.

In conclusion, the following is proposed:
Proposal: S-NCT has benefits over BCT and NS-NCT in SCE scenario 1 and macro-only scenario.
· S-NCT should be specified in Rel-12.
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Appendix 1: simulation assumptions of SCE scenario 1
	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
	SCE scenario 1

	eNB Tx power (Ptotal)
	Macro: 46dBm, Pico: 30dBm

	Number of Pico cluster per Macro cell
	1

	Number of Pico per cluster
	4

	Number of UEs per Macro cell
	60 

	Indoor UE ratio
	80%

	System bandwidth
	10 MHz in FDD

	Possible transmission schemes in DL
	SU-MIMO

	Network synchronization
	Synchronized

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


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

	Antenna pattern
	Macro: 3D, Pico: 2D

	eNB Antenna tilt
	15 degrees.

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

	Channel estimation
	Ideal

	Scheduling
	PF per cell

	ABS configuration
	50% subframes as ABS subframes

	DL overhead assumption
	BCT: 1 PDCCH symbol, 2 port CRS with 1ms period, CRS frequency shift is modeled. 1 OFDM symbol equivalent overhead for EPDCCH
NCT: 0 PDCCH symbol, 1 port CRS with 5ms period, CRS frequency shift is modeled. 2 OFDM symbols equivalent overhead for EPDCCH
For BCT and NCT: 
NZP CSI-RS and ZP CSI-RS, period: 5ms; 
12 REs for DM RS;



	Traffic model
	FTP Model 3, λ=0.15.

	Rank adaptation
	Yes


Appendix 2: simulation assumptions of macro-only scenario
	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: X


For UE: 2 antennas, 1 column, 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

	DL overhead assumption
	3 OFDM symbols equivalent overhead for control channels
BCT: 2 port CRS with 1ms period

NCT: 1 port CRS with 5ms period
CRS frequency shift is modeled

For BCT 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 [5]. Reading time D with exponential distribution  
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 , λ = 0.2, 0.6. File size: 0.5 Mbytes

	Rank adaptation
	Yes
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